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Abstract

Thrombotic microangiopathy (TMA) is an uncommon but severe com-
plication that may occur in cancer patients under gemcitabine chemo-
therapy. Gemcitabine-induced thrombotic microangiopathy (G-TMA)
can clinically and biologically present as atypical hemolytic uremic
syndrome, with activation of the complement pathway asking the ques-
tion of the use of eculizumab. We describe here the case of a patient
suffering from metastatic cholangiocarcinoma treated by gemcitabine
for 4 years leading to the remission of the underlying neoplasia. Despite
an impressive response to therapy, she developed thrombopenia, regen-
erative anemia, and acute kidney injury leading to the suspicion then
diagnosis based on the renal biopsy of a very late G-TMA. Spontaneous
evolution after treatment interruption was favorable without dialysis re-
quirement. However, in this case where gemcitabine is the only chemo-
therapy remaining for a mortal underlying condition, we discussed the
re-initiation of gemcitabine under eculizumab treatment. This atypical
case of TMA illustrates the importance of recognizing, even belatedly,
this rare but serious complication of chemotherapy. It asks the question
of rechallenging discontinued chemotherapy notably under eculizumab
cover, in this population with a high risk of cancer progression.

Keywords: Thrombotic microangiopathy; Acute kidney failure; Hy-
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Introduction

Thrombotic microangiopathy (TMA) is defined by hemolytic
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anemia, peripheral thrombopenia, and various organ injuries
due to ischemia after capillary thrombosis [1]. The kidney is
one of the most impacted organs with clinical presentation of
oligo-anuric acute kidney failure of vascular origin.

Two main etiologies of TMA in the adulthood population
are: 1) thrombotic thrombocytopenic purpura (TTP) present-
ing with prevalent neurological disorders and deficit of AD-
AMTS13 activity; and 2) atypical hemolytic uremic syndrome
(aHUS) characterized by quantitative or qualitative abnormali-
ties in regulatory proteins of the complement alternative path-
way. Typical HUS due to capillary endothelium alteration by
infectious mechanism is less frequent than in children. Other
conditions can be associated with TMA and need to be inves-
tigated, including various infections, connective tissue disor-
ders, malignant tumors, and drug exposure as chemotherapies.
Gemcitabine is one of the usual agents implicated in secondary
TMA with frequent severe renal involvement and poor prog-
nosis [2]. The management of gemcitabine-induced TMA (G-
TMA) is not codified.

We reported here a case of histologically proven TMA with
isolated kidney acute failure in a woman suffering from chol-
angiocarcinoma under long-lasting gemcitabine chemotherapy.

Case Report

On May 2022, a 55-year-old woman was admitted to our neph-
rology department for suspicion of TMA.

Patient’s medical history included intracerebral hemor-
rhage due to aneurysmal rupture in 2011 complicated by chron-
ic epilepsy, type two diabetes mellitus under insulin therapy
with chronic kidney disease stage 3A (glomerular filtration rate
(GFR) = 44 mL/min/1.73 m?), hypertension, and chronic psy-
chosis. She developed a cholangiocarcinoma (histologically
proven) with liver and lymph node metastasis in 2018 and was
put under chemotherapy including gemcitabine and platinum
salt agent (GEMOX) all 21 days until March 2022 then gemcit-
abine alone. At the moment of hospitalization, she had 37 cures
of gemcitabine 1,000 mg/m? (cumulated dose of 37 g/m?).

She consulted for global fatigue in April 2022. At the en-
trance, the clinical examination revealed general psychomotor
slowing, and no other clinical sign was noted. She had nor-
mal blood oxygenation, apyrexia, and high blood pressure at
200/80 mm Hg. Standard biology revealed regenerative ane-
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Figure 1. Renal biopsies in TMA due to gemcitabine. (Left column) Immunohistochemistry with Masson trichrome showing (A)
ischemic glomerulus with flocculus retraction, (B) doubling of glomerular basement membrane, (C) glomerular mesangiolysis.
(Right column) Immunofluorescence showing positive staining for IgM, C3, and IgA.

mia (hemoglobinemia 7.3 g/dL and reticulocytes 115,000/
mm?) with schistocytes (1.5%), indosable haptoglobin, throm-
bopenia (125,000/mm?) and organic acute kidney injury with
serum creatinine level at 880 umol/L, urea fractional excretion
54%, no glomerular range proteinuria (70 mg/mmol) and mi-
croscopic hematuria. Renal echography showed two normally
cortico-medullary differentiated kidneys of 11.8 and 11.2 cm,
without hydronephrosis. Renal biopsy (Fig. 1) confirmed the
diagnosis with lesions of chronic TMA including double con-
tour appearance of the glomerular basement membranes and
swelling and detachment of glomerular endothelial cells as-
sociated with acute tubular necrosis. Immunofluorescence (IF)
staining for complement factors (C3+, [gM+++, and [gA+++)
was also seen (Fig. 1).
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In front of TMA with neurological impairment, TTP was
first excluded with ADAMTSI13 level of 121% and cerebral
magnetic resonance imaging (MRI) showed no posterior revers-
ible encephalopathy syndrome (PRES). HUS was then investi-
gated; the patient did not report any episode of diarrhea, fever,
and urinary symptoms. Hemocultures were sterile, cytobacte-
riological examination of urines (CBEU) did not show leukocy-
tosis or bacteria, and no Shiga toxin-producing Escherichia coli
(STEC) analysis could be performed (no stool culture). Comple-
ment biological investigation (C3, C4, CH50, protein I, protein
H, MCP, factor-H antibody negative) was normal; no genetic
analysis was performed (on expert opinion).

Other causes of secondary TMA were ruled out: plasmatic
B-human chorionic gonadotropin was negative, no autoim-
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Table 1. Cumulative Dose and Median Duration of Gemcitabine Treatment at Time of Thrombotic Microangiopathy Development,

Review of the Literature

Gemcitabine administration

Study Patients

Cumulative dose (g/m?) Median duration (months)
Our case F, 55 years 37 48
Fung et al, 1999 [3] 12 18.2 (2.45 - 40.2) 5.8(3.8-13.1)
Flombaum et al, 1999 [18] 3 N/A 12 (12-17)
Glezerman et al, 2009 [5] 29 22 (4-81) 7.5(2-34)
Al Ustwani et al, 2014 [7] 4 21.2 11 (3-39.5)
Leal et al, 2014 [20] 3 12.5 1(0.5-6)
Ritchie et al, 2017 [19] 3 21.5(8-22.1) 45(1.5-4.5)
Turner et al, 2016 [16] 2 N/A 3
Gosain et al, 2017 [15] 2 N/A 7(6.3-8.4)
Daviet et al, 2019 [4] 120 12.9 (6.3 - 17.6) 7(4-8.5)
Grall et al, 2021 [8] 12 31.2(9-48) 6(1.7-16)
Takigawa et al, 2023 [6] 18 21(2.8-53.6) 9 (0.5-37)
Klomyjit et al, 2023 [21] 379* N/A 52((3-8.2)
Walter et al, 2002 [17] F, 45 years 70 18
Gore et al, 2009 [9] F, 46 years N/A 3
Starck et al, 2013 [14] M, 45 years N/A 3.5
Facchini et al, 2017 [10] M, 3 years N/A 3
Rogier et al, 2016 [12] F, 68 years 7 Around 2
Krishnappa et al, 2018 [11] F, 64 years N/A 3
Martin et al, 2019 [13] M, 56 years 25.5 3.5

*Pooled cases of gemcitabine-induced and mitomycin C-induced thrombotic microangiopathy. M: male; F: female.

munity was found (no antinuclear antibodies (ANAs), neither
lupus anticoagulant, B2GP1 antibody nor anticardiolipin an-
tibody), and hepatitis and human immunodeficiency virus se-
rologies were negative. Neoplastic causes were excluded after
a thoracic-abdominal-pelvic computed tomography scan and
liver MRI showed remission of cholangiocarcinoma and no
sign of new tumoral disease.

We finally considered exclusion of an iatrogenic cause of
TMA due to gemcitabine. The evolution was spontanecously
favorable with progressive amelioration of serum creatinine
level without dialysis necessity. However, a chronic kidney
disease persists, with the last creatinine level of 22 mg/L and
GFR of 28 mL/min/1.73 m?.

Discussion

TMA following the course of neoplasia could be differenti-
ated into paraneoplastic TMA and drug-induced TMA (15%
of acute kidney injury in cancer) [2]. latrogenic TMA includes
TMA under anti-vascular epithelial growth factor (VEGF)
and TMA post-chemotherapy. Two major chemotherapies are
concerned: mitomycin C and gemcitabine (reported incidence:
0.015-2.2% [3]), both dose-depending. Regarding the median
time for the development of G-TMA, the largest retrospective
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study of 120 cases reported by Daviet et al found a median
time of 7 months (4 - 8.5) [4], close to 7.5 months (2 - 34)
from the other largest retrospective study (29 cases) report-
ed by Glezerman et al [5]. Surprisingly, in our case, G-TMA
develops after a very long exposure to gemcitabine (i.e., 58
months). Even after an extensive search in the literature and in
the largest cohorts of G-TMA (reported in Table 1 [3-21]), we
did not find any cases that late. Our work therefore highlights
the need to remain vigilant under gemcitabine treatment and
to suspect the occurrence of G-TMA in the event of biological
abnormalities, even in patients who have been treated for a
very long time. However, the cumulative dose of gemcitabine
received by our patient (37 g/m?) could be more important than
the total duration of treatment, close to the median cumulative
dose of 22 g/m? (4 - 81) reported by Glezerman et al and 21
(2.8 - 53.6) in the study of Takigawa et al [6].

Although 56% of cases can biologically resolve after gem-
citabine discontinuation [7], G-TMA prognostic can be severe
with 25% of cases presenting with chronic renal insufficiency
and high mortality at 4 months (60%) [2] principally due to
neoplastic progression after chemotherapy discontinuation.
Until a recent study by Grall et al in 2021 [8], the treatment
of G-TMA has not been well codified apart from permanent
discontinuation of gemcitabine and supportive cares. Plasma
exchanges and corticosteroids are generally tried with poor
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Table 2. Summary of Immunofluorescence Staining of Complement in Renal Biopsy of G-TMA

Study Patients Immunofluorescence staining

Our case F, 55 years [gM++, [gA++, C3+

Murugapandian et al, 2015 [23] F, 74 years Negative

Krishnappa et al, 2018 [11] F, 64 years C3++

Burns et al, 2020 [24] M, 39 years [gM++, C3++, Clq+

Grall et al, 2021 [25] 12 C5b9+++ in tubule, glomerulus and capillary wall of all patients

G-TMA: thrombotic microangiopathy under gemcitabine; M: male; F: female.

efficacy reported at the contrary of TTP. Although underly-
ing pathophysiological mechanisms involved are not known
and no complement alternative pathway-related abnormalities
have been described in G-TMA [8, 9, 22], clinical presenta-
tion and normal ADAMTS 13 level are reminiscent of aHUS.
This is supported by the presence of complement factors on
IF staining in 32/33 (97%) cases with G-TMA who underwent
renal biopsy and IF staining in the literature (Table 2 [8, 11,
23-24]), including our case. In particular, the largest study
by Grall et al [8] reported 29 patients all with G-TMA who
showed C5b9 (membrane attack complex) deposits along the
glomerular and tubular membrane and in the capillary wall.
In this context, eculizumab, a monoclonal antibody directed
against complement protein C5 used in aHUS, has been used
and seemed efficient in numerous case reports of G-TMA [7,
10-16, 25]. The observational retrospective study of Grall et
al [8] reported 12 cases of G-TMA treated by eculizumab af-
ter gemcitabine discontinuation with a median of four injec-
tions and 900 mg/injection. Eighty-three percent of patients
had a hematological response and 84% achieved a complete
(17%) or partial (67%) renal response without exacerbation
or relapse after eculizumab discontinuation. The spontaneous
recovery of our patient after gemcitabine discontinuation did
not indicate the treatment of eculizumab in the active phase of
G-TMA. However, the continuation of treatment of metastatic
cholangiocarcinoma in recovery under gemcitabine appears to
be a vital question. In reported cases, discontinuation of chem-
otherapy in the acute phase of G-TMA is noted as important
as specific G-TMA treatment [8, 9, 22]. However, the survival
rate also depends on underlying disease with 5/6 deaths during
follow-up due to the progression of the underlying disease in
the series of Grall et al [8]. The number of cases of gemcitabine
re-challenge is few [5, 16-18] and with variable outcomes (sta-
bility, second TMA episode, underlying disease progression).
After a multidisciplinary meeting of experts on our patient’s
file, it has been decided that if gemcitabine is the only possi-
bility and needs to be performed to maintain recovery, it could
be done under maintenance treatment with eculizumab 1,200
mg every 2 weeks. Although our patient has not yet benefited
from it, we would like to highlight that the possibility of re-
challenge gemcitabine under treatment with eculizumab has
not been studied so far, apart from a case reported by Efe et al
[26]. In this latter case, even if no recurrence of TMA occurred
under eculizumab 900 mg IV per week, the study is limited
by the patient’s death due to cholangiocarcinoma progression
only 4 weeks after re-challenge of gemcitabine. In this context,
we think that larger studies on extended exposure time to gem-
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citabine and eculizumab should be performed addressing the
question of whether or not gemcitabine and eculizumab can
both be used safely after G-TMA.

In an extended view, assessment of gemcitabine re-chal-
lenge under rituximab therapy could also be investigated, as it
is another treatment improving the course of G-TMA in sev-
eral case reports probably by the decrease of B cells and au-
toantibodies [19, 23, 27, 28].

Conclusion

Here, we report an atypical case of TMA after a very long
treatment of gemcitabine in a patient suffering from metastatic
cholangiocarcinoma with favorable spontaneous evolution af-
ter discontinuation of gemcitabine. The question of whether
or not eculizumab’s addition to gemcitabine treatment can be
used after a first TMA episode in this population at risk of can-
cer progression and mortality without other possible chemo-
therapy needs to be addressed in larger studies.
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