Thrombotic microangiopathies secondary to anticancer treatment in patients
receivinggemcitabine and anti-vascularendothelialgrowthfactor: A case seriesstudy.

ABSTRACT

Thromboticmicroangiopathy (TMA) secondary to anticancer
drugsexhibitsvaryingclinicopathologicalpresentation and severity, with variable response and
prognosisupon discontinuation of the medication. Weconducted a retrospective, monocentric,
descriptive, and analyticalstudyinvolving 7 patients with anticancer drug-induced TMA. The first
group received anti-VEGF treatment, while the second group receivedgemcitabine. Five patients
weretreatedwith anti-VEGF (71.4%), and two patients receivedgemcitabine (28.6%). The meanage
of patients in the anti-VEGF group was 68.8 + 10.4 years, compared to 61.0 + 5.6 years in the
gemcitabine group. Only 28.6% hadevidence of biological TMA at the time of diagnosis (n=2),
exclusively in the gemcitabine group. During the acute phase, two patients requiredhemodialysis,
both of whomwerereceivinggemcitabine. The mean time to deathfrom the initial diagnosiswas 6.5
*+ 3.1 months. The primary cause of deathwas cancer progression. The overallmeansurvivalwas
25.42 + 9.02 months, with 53 + 3 months in the gemcitabine group and only 14.4 + 7.99 months in
the second group.
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| INTRODUCTION

Thromboticmicroangiopathy (TMA) is<a histological syndrome characterized by the presence of
mechanicalhemolyticanemia, peripheralthrombocytopenia, schistocytes, haptoglobinconsumption,
and organfailure. Renalinvolvementismanifested by arterial hypertension and
elevatedserumcreatinine, sometimesrequiringhemodialysis. Histologically, TMA ischaracterized by
thrombi formation in the terminal arterioles and capillaries.

TMA syndrome generallyindicatessevere life-threatening conditions. Therefore, itis crucial to
recognizethese pathologies for earlydiagnosis and prompt initiation of appropriatetreatment. In
oncology, TMA syndrome can complicate the progression of malignanttumors or theirtreatment,
includingchemotherapy or targetedtherapies.

The main causes of drug-induced TMA are observed in the treatmentwith anti-
vascularendothelialgrowth factor (anti-VEGF) agents, used in severalsolidtumors, and
complications associatedwithgemcitabine, a nucleoside analogue extensivelyemployed in France
since 1996 for pancreatic cancer treatment and withexpanding indications in oncology (lung,
bladder, kidneytumeors, lymphomas). The incidence of TMA duringgemcitabinetreatment ranges
from:0.015% to 1.4% of cases.

Drug-induced . TMA does not exhibit the sameclinical and pathologicalpresentation or
severitydegree, with variable responses and prognoses upon discontinuation of the medication.
More recent agents leading to drug-induced TMA, such as anti-VEGF, frequentlymanifest as
isolatedrenal TMA withoutassociatedhematologicalabnormalities. However, the
clinicalpresentationisoften  more  severewithgemcitabine, and acute renalfailure can
potentiallybeirreversible. Discontinuation of the medicationmaybe the best option, as drug-induced
TMA can result in severe and fatal complications.

Currentlyavailable anti-angiogenicdrugs on the marketincludebevacizumab (Avastin), sunitinib
(Sutent), and sorafenib (Nexavar). The primary anti-angiogenicmechanism of action of
thesethreedrugsis the pharmacological inhibition of the VEGF pathway. They are nowused in
patients withadvanced colon, kidney, liver, breast, or lung cancer [1].
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The renalglomerular filtration barrierconsists of endothelialcells, podocytes, and components of the
basement membrane. VEGF, expressed by podocytes duringdevelopment and in adults, activates
VEGFR-2 on glomerularcapillaryendothelialcells. The interaction between VEGF produced by
podocytes and VEGFR2 on glomerularendothelialcellsis crucial for normal function and repair of
the system.

Bevacizumabis a humanized monoclonal antibody of the IgG1 type thatselectivelybinds to human
VEGF and neutralizesitsbiologicalactivity. It exhibits a high affinity for an epitopepresent on all
isoforms of VEGF, partiallyoverlapping the binding sites of VEGFR-1 and VEGFR-2 receptors.
This results in the inhibition of VEGF binding to thesereceptors on the surface of endothelialcells.
The blockade of endothelialproliferation by bevacizumabhinders the neovascularization process
necessary for tumorgrowth and dissemination.

Sorafenibis a multi-target tyrosine kinase inhibitor, primarilytargeting VEGFR-2, VEGFR-3,
platelet-derivedgrowth factor receptor (PDGFR-b), and FLT3 (fms-related tyrosine kinase 3).

Regardless of theirsubclass, anti-angiogenicdrugscommonlypresentvascular and
nephrologicaltolerance profiles characterized by arterial hypertension and proteinuria.
The pathophysiology of gemcitabine-induced TMA remainsuncertain, but

endotheliallesionsinduced by the therapylikely lead to the release of von Willebrand factor
multimers and platelet activation, followed by subsequentfibrinogenesis. Theseendotheliallesions
can beattributed to the direct toxicity of gemcitabine or mediated by immune complexes.
Mystudyfocused on investigating the clinical and evolutionarycharacteristics of drug-induced TMA
associatedwith anti-VEGF medications and gemcitabine.

Il OBJECTIVE OF THE STUDY

The objective of thisstudyis to investigate, compare, and analyze the epidemiological, clinical,
paraclinical, therapeutic, evolutionary, and prognosticcharacteristics of two groups of patients
withthromboticmicroangiopathyinduced by gemcitabine and thosesecondary to anti-VEGF
treatment.

Il MATERIALS AND METHODS

This is a retrospective, /mmonocentric, descriptive, and analyticalstudyinvolving 7 patients withdrug-
inducedthromboticmicroangiopathy.

The first group consisted of patients receiving anti-VEGF treatment (5 cases), and the second
group consisted of patients receivinggemcitabine (2 cases).

This studywasconducted over a period of 5 years, fromJanuary 2017 to January 2022, at the
NephrologyDepartment of Henri Mondor University Hospital in Paris. The data
wererecordedfromhospitalization and outpatient consultation reports using the ORBIS computer
software.

All-the data wereenteredinto an Excel spreadsheet, and statistical analyses wereperformedusing
IBM SPSS® 20 statistical software.

IV RESULTS

IV.1 EpidemiologicalCharacteristics

In thisstudy, 7 patients withsecondary TMA wereincluded, with an average follow-up duration of 21
months. Amongthem, 5 patients werereceiving anti-VEGF treatment (71.4%), whileonly 2 patients
werereceivinggemcitabine (28.6%).

The meanage of patients at the time of diagnosiswas 68.8 + 10.4 [60.86] years in the anti-VEGF
group and 61.0 + 5.6 [57.65] years in the gemcitabine group.



Their main  medicalhistoryispresented in Table 1. The
treatmentsusedwerepredominantlybevacizumabin 80% of cases (n=4).
The different types of cancers and theirtreatments are listed in Table 1.

adjuvant

Table 1:Different types of cancers and theirtreatments

Cancer Types Number Frequency Treatment
(n) (%)

Colon Adenocarcinoma 2 28.6 BevacizumabAflibercept
BreastAdenocarcinoma 1 14.3 Gemcitabine
Clear CellRenalCarcinoma 1 14.3 Sunitinib
Rectal Adenocarcinoma 1 14.3 Bevacizumab

Apatinib
Pleural Mesothelioma 1 14.3 Bevacizumab
PancreaticAdenocarcinoma 1 14.3 Gemcitabine

IV.2 . Clinical and BiologicalCharacteristics at Diagnosis

anti-VEGF

Renalinvolvementwascharacterized by proteinuria in all patients in both groups. Hematuriawas
more frequent in the gemcitabine group, with 100% (n=2). compared to.20% in the anti-VEGF

group (n=1), althoughthisdifferencewas not statisticallysignificant (p=0.121).

Only 28.6% of all patients hadevidence of biologicalthromboticmicroangiopathy at the time of
diagnosis (n=2), exclusively in the group of patients receivinggemcitabine. There was a strong

positive correlationbetweengemcitabinetreatment and the presence of
biologicalthromboticmicroangiopathy (p=0.008).

The main laboratoryparameters at admission are presented in the table below.

Table2: Main LaboratoryParameters at: Admission

Data Patients Patients p
receiving anti- receivinggemcitabine
VEGF: (n=5) (n=2)
Average time between the 36.6 + 33.28 12 +2.82 0.108
onset of symptoms and
medical intervention (days)
Average time between the 13.4+9.5 12 + 7.07 0.185
start of anticancer treatment
and renalinvolvement
(months)
Hypertension at admission (%) 80% 100% 0.121
Biologicalevidence of - 100%
thromboticmicroangiopathy
(TMA) (%)
Biologicaldata:
Creatinine (umol/L) 158.8 £73.8 459.8+107.4 0.007
eGFR (ml/min/1.73 m3) 48.8 £ 23.6 11.21+3.2 0.087
Baseline creatinine 89.2 + 26.7 100 + 70.7 0.758
(nmol/L)
Hemoglobin (g/dL) 11 +£2.94 75%0.7 0.191
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Platelets (Giga/L) 227.8+105 17 +1.41 0.045

Schistocytes (%) 20% 100% 0.053
Haptoglobin (g/L) 1.86 £ 0.6 <0.1 0.012
Lactate dehydrogenase 313.4+£ 110 2875 £ 350 0.0001

The initial creatinine at diagnosiswassignificantlyhigher in the group of patients
receivinggemcitabine
As part of the etiologicalassessment of TMA:

e The evaluation of ADAMTS13 activitywassystematicallyperformedupon the appearance of
biological markers of TMA, particularly in the 2 cases in the gemcitabine group,
whichwere>10% in both cases.

« Both patients receivinggemcitabinehadnegativefindings for abnormalities in the alternative
complementpathway and geneticcomplementabnormalities.

IV.3 Histologicalcharacteristics

The differenthistopathologicallesionsobservedunder light microscopy are detailed in Table 3.
Unfortunately, no statisticallysignificantcorrelationwasfoundbetween the histopathologicallesions in
the two groups.

Table 3:Differenthistopathologicallesionsobservedunder light microscopy

HistologicalLesionsunder LM Patients Patients p
treatedwith  treatedwithgemcitabine
anti-VEGF (n=2)

(n=5)

Number of glomeruli (mean) 2312 10 0.005

Arteriolarthrombosis (%) 20 50 0.427

Glomerularthrombosis (%) 40 100 0.147

Apoptoticglomeruli - 50 0.088

Mesangiolysis 60 100 0.290

Double contour 100 50 0.088

Enlarged podocytes 20 100 0.121

Myxoidendarteritis 20 100 0.53

Interstitialfibrosis (%)

<25% 80 50 0.427
25-50% 20 50 0.427
250% - -

IV.4 Therapeutic Management

IV.4.1 SymptomaticTreatment:

One hundred percent of the patients in the gemcitabine group weretreatedwith a calcium
channelblockerusing a self-pushing syringe. Only 40% of patients receiving anti-VEGF
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treatmentweretreatedwith a combination therapy of calcium channelblockers and angiotensin-
converting enzyme inhibitors (n=2) at the time of diagnosis, while 40% did not have achange in
treatment. During the acute phase, 2 patients requiredhemodialysis, accounting for 28.6% of
cases. Both of these patients were in the gemcitabine group. Among the 2 dialyzed patients, 1
wassuccessfullyweaned off dialysisafter 12 hemodialysis sessions over a period of 27 days, while
the other patient wastransitioned to chronicdialysis.

IV.4.2 EtiologicalTreatmentof TMA

e Cessation of Causative Treatment:
In all patients in ourseries, anti-cancertreatmentwaspermanentlydiscontinuedafterhistological
confirmation of TMA diagnosis.

e Plasma Exchange:

Only in the gemcitabine group, 1 case wastreatedwith 5 plasma exchanges based on the
suspicion of TTP (50%), whichwasdiscontinuedafter the diagnostic deviation (ADAMTS13 >10%).

e Eculizumab:

Eculizumabwasurgentlyinitiated in response to the development of biologicalsigns of TMA in the 2
patients receivinggemcitabine. The administered dose was 900 mg as a bolus everyweek for 4
weeks as an induction therapy, followed by 1200 mg as a bolus every 2 weeksuntilremission. The
average duration of treatmentwas 3 + 2.82 [1.5]. months.

V.5 Outcome

IV.5.1 TMA Progression:

In the gemcitabine group, a favorable progression of biological TMA signswasobservedin 100% of
patients after correction of hypertension, with an average time of 2.5 + 2.12 months.

IV.5.2 RenalFunctionEvelution:

In the gemcitabine group, 1 patient remaineddependent on dialysissince the initial diagnosis, and
1 patient wasweaned off dialysis but did not fullyrecover normal renalfunction. In contrast, in the
anti-VEGF group, 60% of patients hadrecovered normal renalfunction, while 40% continued to
have chronicrenalinsufficiency.

IV.5.3 TMA Recurrence:

Following the initial diagnosis, only one patient experienced a recurrence of biological TMA during
follow-up, particularly in the gemcitabine group. The median time between the start of treatment
and recurrencewas 3 months.

IV.5.4 Mortality:

A total of 4 patients in the cohort (57.1%) died, with 80% of deathsoccurring in the anti-VEGF
group (n=4), while no deathswereobserved in the gemcitabine group. The median time from initial
diagnosis to deathwas 6.5 = 3.1 months [4,11]. The main cause of deathwasrelated to the
progression of cancer.



IV.5.5 Overall Survival of Patients:

The meanoverallsurvivalwas 25.42 + 9.02 months, with 53 £ 3 months in the gemcitabine group
and only 14.4 £ 7.99 months in the anti-VEGF group. Weobservedthatsurvivalwaslower in the anti-
VEGF group compared to the gemcitabine group, and thisdifference in
survivalwasstatisticallysignificant (p=0.041)
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Figure 1: Patient Survival in thedTwo Groups: Gemcitabine and Anti-VEGF

V  DISCUSSION

V.1 Epidemiological Data

Drug-induced TMA is more commonthan cancer-associated TMA. Clinicallysuspecteddrug-
induced TMA has been well-documented in recentdecades, although in the past,
itlikelyaccounted for 15% of cases overall. Currently, the incidence of drug-induced TMA
from anticancer medications has increased and ishigherthan 15%, mainly due to the
introduction of anti-vascularendothelialgrowth factor (VEGF) agents [2].

Caspar et al. [3] linked. TMA to gemcitabinetherapy in a phase Il trial of pancreatic cancer
patients receivingthis agent. The reported incidence of gemcitabine-associated TMA in the
literatureisverylow, with an estimate of 0.015% [4].

In ourstudy, the averageage of patients was 68.8 years in the anti-VEGF group and 61
years in. the gemcitabine group. The agedifferencebetween the two groups was not
significant in the literature; a French studyreported an averageage of 59.8 years in patients
receiving anti-VEGF [5], compared to an average of 615 years in patients
receivinggemcitabine [6]. The indications for gemcitabineweredominated by pancreatic
cancer (52.9%) [6], whichis consistent with the findings of ourstudy.

V.2 Clinical and Biological Manifestations

In ourseries, the mean time between the start of anticancer treatment and
renalinvolvementwasalmostidentical in bothgroups: 12 months in the gemcitabine group
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and 13.4 months in the anti-VEGF group. In the literature, shorter intervals of 7 months [7]
and 5.3 to 13.3 months [8] have been reported for gemcitabine-treated patients, and 6.87 to
7.18 months for anti-VEGF-treated patients [5].

Recentonset hypertension or exacerbation of known hypertension are key signs of TMA,
which can appearwellbeforehemolysis, thrombocytopenia, and acute renalfailure. In
ourseries, the time betweensymptomonset and management was shorter in gemcitabine-
treated patients, with a meandelay of 12 dayscompared to 36.6 days in the anti-VEGF
group, whichis consistent with the literature [9].

This difference can beexplained by the abrupt onset of anuric acute renalfailure,
hypertension, and biologicalevidence of TMA observed in gemcitabine-treated patients,
unlike anti-VEGF-treated patients whooftenpresentwithproteinuria and insidious progression
of renalfailurewithoutregularnephrologicalevaluation. Therefore, systematic screening for
theseearlysigns of TMA and raisingawarenessamongphysicianscould lead: to
earlierdetection and prevention of TMA associatedwithgemcitabine or anti-VEGF treatment
[10]. Renalinvolvement in TMA can varywidely, presenting as a-moderateincrease in
creatininepreceded by mildproteinuria and microscopichematuria, =~ or it can
manifestdramatically as an oliguric or anuric acute renalfailurewith. sodium and water
retention [11]. Proteinuriawasfoundin 100% of patients =.in both . groups in
thisretrospectiveanalysis, whichis consistent withliterature data reporting 93% proteinuria in
the Flombaum report [12]. In thisstudy, wefound a_.significantcorrelationbetween the
occurrence or worsening of renalfailure and gemcitabinetreatment. Our resultsalignwith the
literature, which shows a higherfrequency of renalfailure in gemcitabine-treated patients,
occurringin 97.4% of cases [13], compared to 40% in anti-VEGF-treated patients [5]. In a
2016 study in Iceland, 31% of patients with = anti-VEGF-induced TMA
presentedwithproteinuria, withexcretion of up to 1 g/24 hours, and half of the TMA cases
werelimited to the kidney [14]. Regardinggemcitabine-induced TMA, mildproteinuria and
microscopichematuria have been reported in up to 58% and 41% of patients, respectively
[15]. Thus, the clinical and biologicalpresentation of gemcitabine-induced or anti-VEGF-
induced TMA remainsheterogeneous. In contrast to ourstudy, whichfound a strongly
positive correlationbetweengemcitabinetreatment and the occurrence of biological TMA
(p=0.008).

V.3 Histology

A definitivediagnosistheoretically relies on renalbiopsy, wheredeposits of glomerular and/or
arteriolarfibrin are detectedusing immunofluorescence techniques [16]. Localizedrenal TMA
is more commonwith anti-VEGF agents and can develop in the absence of
typicalhematologicalabnormalities. Cases have been described in whichlocalized TMA
wasdiagnosed: by renalbiopsy and subsequentlyprogressed to otherorgans [17]. The
morphologicalappearance of glomerularlesions in anti-VEGF-induced TMA at high doses is
distinct and allows identification of specificglomerularlesionsresultingfrom the action of anti-
VEGF agents on the glomerulus. It exhibitsendothelialswelling,
withhighlydistendedendothelialcellsprotrudinginto  the capillary lumen, as well as
mesangiolysischaracterized by swollenendothelialcellswithin the edematous,
fibrillarextracellularmesangial matrix, accompanied by the loss of mesangialnuclei. The
vesselwalls show "double contours” with a clearspace, and capillary lumens are reduced
[18]. Capillary lumens are oftencongested and filledwithredbloodcells. Platelet or
fibrinthrombiobstructingcapillary lumens or preglomerulararteriolesmayalsobeobserved.
Immunofluorescence typicallyrevealslittte or no deposits, withfibrin and C3 observed in
glomerular or arteriolar thromboses.



The histologicalappearance of gemcitabine-induced TMA ischaracterized by thickening of the
glomerularcapillarywallswith double contours, indicating the presence of two distinct wallswith a
clearspacebetweenthem. Capillary or glomerulararteriolethrombosismayalsobepresent.
Mesangialfibrosis and edema of the mesangial matrix are frequentlyobserved, which can lead to a
dissolution known as "mesangiolyse” [19].

Vascularendotheliallesions are considered the stimulus for capillarity and arteriolarthrombosis and
are responsible for TMA. Immunofluorescence studiesmay show fibrindeposits in vessels and
glomeruli, as well as granulardeposits of C3 and IgM.

In a French study, itwasreportedthathalf of the cases of TMA werelimited to the
kidneyswithoutbiologicalevidence of TMA. There weredifferences in the
histopathologicalcharacteristics of TMA betweenthoseinduced by anti-VEGF drugs, whichshowed
exclusive glomerularthrombosis, and thoseinduced by other causes of TMA, includinggemecitabine,
whichhad a pattern of capillary, arteriolar, and glomerularthrombosis [20]:

Thesefindings are consistent withourstudy, although the differencewas not statisticallysignificant.
Furthermore, the remaininghistopathologicallesions, apartfromarteriolar and glomerularthrombosis,
werenonspecific and did not show a significantcorrelationwithdifferentpathologicallesions or types
of anticancer treatment.

V.4 Management

The understanding of the pathophysiology of gemcitabine-induced TMA remainsunclear [21].
Similar to TMA induced by otherchemotherapies{(such as mitemycin C), endotheliallesionscaused
by the treatment are likelyresponsible for the release of von Willebrand factor multimers and
platelet activation, leading to fibringeneration. Theseendotheliallesionscouldbe due to the direct
toxicity of gemcitabine or mediated by immune complexes [22]. This latter hypothesis has
ledsomeauthors to propose rituximab as a treatment for gemcitabine-induced TMA [23]. Deficiency
of ADAMTS-13, whichisresponsible for thromboticthrombocytopenic purpura,
isexceptionallyidentified in gemcitabine-induced TMA (13%) [24]. Although the involvement of
complement in this type of TMA has not been extensivelyexplored, itsknownrole in endothelial
protection and the pathophysiology of atypicalhemolyticuremic syndrome (aHUS) has led to the
use of eculizumab as a treatment for refractorygemcitabine-induced TMA [26].

To date, thereis no consensus on:the treatment of gemcitabine-induced TMA. Discontinuation of
gemcitabineis essential. Platelet transfusion is not recommended, similar to
therapeuticrecommendations for thromboticthrombocytopenic purpura. There islimited data on the
efficacy of corticosteroidtherapy: The use of plasma exchange (PE) in the treatment of
gemcitabine-induced TMA isdebated. A literaturereviewconductedin 2009 based on 34 cases
showedthatamong 26 patients withgemcitabine-induced TMA not treatedwith PE, 14 (56%)
showedimprovement, and 10 (38%) requireddialysis. Among the 18 patients treatedwith PE, 6
(30%) improved, and 11 (61%) requireddialysis [28].

Our management approachalignswith the literature, whichinvolveddiscontinuinggemcitabine in all
patients in ourseries. Eculizumabtreatmentwasadministered to the two cases withevidence of
TMA, and plasma exchange wasperformedwhentherewas suspicion of ADAMTS-13 deficiency,
whichwasstoppedafterruling out the diagnosis.

Regarding TMA induced by anti-VEGF drugs, immediate discontinuation of the
implicatedmedication and effective control of blood pressure withrenin-angiotensininhibitors are
universallyconsideredimperative and maybe the most important step in treatment. Reintroduction
of the medication at lower doses can be a usefulstrategy to preventrecurrence of TMA
whileallowing continuation of antitumortreatment. However, selecting an appropriate dose for
reintroduction in cases of dose-dependentchemotherapytoxicity can bechallenging [29].

In ourseries, for patients treatedwith anti-VEGF drugs, management involved discontinuation of
the implicatedmedication and oral control of hypertension.

8



Regardingblood pressure control, severalstudies have reportedthat hypertension is more severe in
patients receivinggemcitabine and requires intense therapeutic management [30]. This findingis
consistent withourstudyresults, although not statisticallysignificant. Additionally, in ourseries,
acute-phase hemodialysiswasnotedonly in the gemcitabine group, while none of the patients
receiving anti-VEGF drugsrequireddialysis. There was a strongly positive
correlationbetweengemcitabinetreatment and the need for hemodialysis,
makinggemcitabinetreatment a risk factor for developingsevererenalinvolvementrequiringdialysis.
This is consistent with the findings of a French studywith a series of 58 patients receiving anti-
VEGF drugs, where none of the patients developedsevererenalfailurerequiringdialysis [5].
However, cases of patients developing acute kidneyinjuryrequiringhemodialysis have been
reported [31]. Conversely, among patients receivinggemcitabine, 27.8% requireddialysis in the
seriesdescribed by Daviet et al. [32].

V.5 Evolution

Our results are consistent withvariousstudiesthat have
shownthatrenalprognosisremainspreservedwithblood pressure control and discontinuation of anti-
VEGF medication. Theseresults have alloweddifferentiationbetween TMA related to VEGF
inhibitors and otheriatrogenic TMA [33].

The prognosis of chemotherapy-induced TMA isclearlypoor; withreportedmortality rates of 40% to
90% in moststudies [34]. This rate issimilar to ourfindings, with a mertality rate of 57.1%.

To a large extent, thispoorprognosisisdetermined by the underlyingmalignancy, as chemotherapy-
induced TMA oftenoccurs in advanceddisease.

V.6 Study Limitations

This study has several limitations. Firstly, itis a retrospective and single-center study. The
smallsample size makesitchallenging to compare ourresultswithlargerseries. Furthermore, the
follow-up periodis not long enough to study long-termoverall and renalsurvival. Therefore,
furtherstudiesinvolvingmulticenter data are needed to improve the validity of ourstudy.

VI CONCLUSION

Chemotherapy@and targetedtherapiesremain essential treatments for severaltumors. This study
has shownthat TMA induced by anticancer treatmentsis a serious condition that affects renal and
overallprognosis, particularlygemcitabine-induced TMA, whichisassociatedwith more
severehematological and renalinvolvementthan TMA secondary to anti-VEGF drugs.

The increasingnumber of patients receivinggemcitabine and anti-VEGF drugs, as well as the
severity of theirrenal complications, justifies close and regular monitoring by a nephrologist.
Anyworsening of anemia, thrombocytopenia, elevated lactate dehydrogenase (LDH) or
serumcreatinine, clinicaldeteriorationwith hypertension, dyspnea, peripheraledema,
neurologicalsigns, or hematuriashould prompt carefulevaluation and prompt discontinuation of
anticancer treatment.

This study has identified a differencebetween the two patient groups, withgemcitabine-induced
TMA showing a more abrupt and severeclinicalpresentation, more
severerenalinvolvementwithdialysisrequirement, and an unfavorableprognosis. However,
itisnecessary to supplementthisworkwith data from a largernumber of patients and longer follow-

up.
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