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Abstract

A 47-year-old male with stage IV pancreatic cancer developed gemcitabine-induced thrombotic
microangiopathy (GiTMA) after treatment with gemcitabine and nab-paclitaxel. GiTMA is a rare and life-
threatening complication with an incidence ranging from 0.015% to 1.4% and reported mortality rate
ranging from 50% to 90%. Clinically, GiTMA manifests as microangiopathic hemolytic anemia,
thrombocytopenia, and renal failure. Early identification of GiTMA is essential to initiate early treatment
and improve survival. Treatment of GiTMA includes discontinuation of gemcitabine, along with initiation of
steroids, therapeutic plasma exchange (TPE), rituximab, and eculizumab. To our knowledge, this is the first
case of GITMA treated with ravulizumab, a long-acting complement inhibitor. Given the increasing number
of patients treated with gemcitabine and seriousness of this complication, it is important for physicians to
be aware of this disease entity and maintain a high index of suspicion when evaluating patients with
microangiopathic hemolytic anemia, thrombocytopenia, and renal failure.
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Introduction

Gemcitabine is a nucleoside analogue of cytarabine that was first approved in 1996 for the treatment of
unresectable pancreatic carcinoma. Gemcitabine-induced thrombotic microangiopathy (GiTMA) is a rare,
life-threatening disorder of uncontrolled complement activation, characterized by microangiopathic
hemolytic anemia, thrombocytopenia, and renal failure. GITMA represents one subgroup of
microangiopathic disorders distinct from idiopathic atypical hemolytic syndrome (aHUS) and acquired
idiopathic thrombotic thrombocytopenic purpura (TTP).

GiTMA is a severe disease, with significant morbidity and mortality. Currently, the reported incidence of
GiTMA is 0.015%-1.4% [1,2], with mortality rates ranging from 40% to 90% [3]. Given its rarity and
potentially devastating consequences, physicians must maintain a high index of suspicion for GITMA, as
early identification is essential to initiate early treatment and improve survival. Here we present a rare case
of GiTMA from our institution treated with ravulizumab, and briefly discuss the pathophysiology and
treatment options related to this often-lethal complication.

Case Presentation

A 47-year-old male with a past medical history of stage IV pancreatic adenocarcinoma presented to
chemotherapy clinic for administration of gemcitabine (Gemzar) and nab-paclitaxel (Abraxane). However,
on arrival, he was complaining of fatigue, nausea, epistaxis, and bright red blood per rectum for the past few
days. Complete blood count revealed a hemoglobin of 5.4 g/dL and platelet count of 12 x 109/L, and he was
promptly referred to the Emergency Department for further evaluation.

With respect to his oncologic history, he initially presented two years prior to an outside hospital with
painless jaundice. He was found to have an obstructing mass in the head of the pancreas. He underwent
endoscopic retrograde cholangiopancreatography with the placement of a common bile duct stent. Fine
needle aspiration of the mass revealed pancreatic adenocarcinoma. He underwent

a pancreaticoduodenectomy (Whipple procedure) and pathology revealed a poorly differentiated invasive
ductal adenocarcinoma with mucinous features. He was given adjuvant chemotherapy with fluorouracil,
oxaliplatin, folinic acid, and irinotecan (FOLFIRINOX) and pegfilgrastim (Neulasta). A follow-up computer
tomography (CT) scan showed disease progression with metastasis to the liver. He was switched to second-
line therapy with gemcitabine and nab-paclitaxel. He tolerated the first five cycles of this regimen without
adverse effects.
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On admission to the hospital, the patient’s vital signs were within normal limits except for a blood pressure
of 191/105 mmHg. The patient did not have a prior history of essential hypertension. His platelets had
decreased to 12 x 109/L from a baseline of 266 x 109/L (Figure ). The patient’s hemoglobin/hematocrit had
decreased to 5.4 g/dL (14.8%) from a pre-treatment level of 7.5 g/dL (22.1%). He was also found to have an
acute kidney injury with a creatinine of 2.7 mg/dL, from a baseline of 1.8 mg/dL.
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FIGURE 1: Clinical Course. Trend in hemoglobin, absolute reticulocyte
count, platelet count, and serum creatinine over time.

Arrows point towards the time of administration of gemcitabine, rituximab, and ravulizumab.

TPE = Therapeutic plasma exchange

A review of the literature showed that in rare instances, gemcitabine can lead to the life-threatening
complication of thrombotic microangiopathic anemia (TMA). A hemolysis panel revealed an elevated lactate
dehydrogenase (LDH) of 377 IU/L and haptoglobin of <30 mg/dL. A peripheral blood smear revealed the
presence of numerous schistocytes (Figure 2). The coagulation profile was normal with a prothrombin time
of 11.8, activated PTT of 25.4, INR of 1.0, and fibrinogen level of 353 mg/dL. The reticulocyte count present
and absolute reticulocyte count were 1.41% and 24.0 K/uL, respectively. The reticulocyte index was 0.20. The
ADAMTS13 level taken at the time of admission had results and was 56% (normal >68%). Complement C3
was normal at 99 but complement C4 was decreased at 16 (normal 19-52).
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FIGURE 2: Peripheral blood smear.

The arrows indicate schistocytes (fragmented red blood cells with two pointed ends) which were frequently
seen in the smear indicating destruction of red blood cells within vascular spaces.

The patient was admitted to the medical intensive care unit and was urgently started on therapeutic plasma
exchange (TPE) and prednisone (1 mg/kg daily), for possible TTP. After eight days of treatment, his platelets
improved to 206 x 109/L. However, over the next week his platelets decreased again to 107 x 109/L. The
patient was started on rituximab for refractory GiTMA. After an initial improvement in the patient's
hemoglobin, his hemoglobin dropped from 8.9 g/dL to 7.3 g/dL. Despite transfusion with five units of packed
red blood cells over the proceeding 48 hours, his hemoglobin dropped further to 6.0 g/dL. His creatinine had
also increased from 2.7 mg/dL on admission to 6.4 mg/dL and hemodialysis was initiated. The decision was
made to begin therapy with ravulizumab (2,700 mg loading dose), a long-acting complement inhibitor, with
initial improvement in the patient’s hematologic parameters and clinical condition.

However, despite treatment with ravulizumab, the patient’s blood counts declined yet again, requiring
frequent transfusions of packed red blood cells and platelets. At that point, the patient was no longer a
candidate for further chemotherapy, and he was discharged with hospice care.

Discussion

TMA is a microvascular occlusive disorder characterized by platelet thrombi and glomerular microvascular
endothelial injury. The exact pathophysiology of GiTMA is still unclear, but it is suggested that endothelial
injury, especially in the kidney, is the central feature [4]. GiITMA is a rare, life-threatening disorder with an
incidence ranging from 0.015% to 1.4% [1,2], with mortality rates ranging from 50% to 90% [5].

Early diagnosis of GITMA is essential to initiate early treatment and improve survival. However, a timely and
accurate diagnosis is often complicated by the fact that thrombocytopenia and anemia can occur with
myelosuppression, and chemotherapy-induced tubulopathy and microangiopathy caused by disseminated
cancer can induce an acute kidney injury [6]. Although an elevated reticulocyte count may be an important
clue in most cases of TMA, it may be low in GiTMA secondary to myelosuppression or blood transfusions, as
seen in our patient. When the diagnosis of GiTMA is suspected, peripheral blood smear should be screened
for the presence of schistocytes and differentiate early-onset GITMA from myelosuppression. Current
molecular tests for mutations or autoantibodies that affect the alternative complement pathway only detect
approximately 75% of cases [7].

The variable clinical course of GITMA further complicates diagnosis. Chemotherapy-induced TMA generally
presents four to eight weeks following chemotherapy initiation [8]; however, studies have reported GiTMA
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up to 10 months after the initiation of gemcitabine [9]. GiTMA can arise after a cumulative dose of 2,450
mg/mZ has been administered, but the risk of occurrence increases when the cumulative dose approaches
20,000 mg/m? [4].

New-onset hypertension, as seen in our patient, or exacerbations of existing hypertension, are often seen in
GiTMA and may appear before clinical manifestations. One study found that worsening of pre-existing
hypertension or new onset of severe hypertension was seen in 90% of patients with GiTMA [10]. Regular
visits to the chemotherapy center, where routine vital signs are performed, may provide a unique
opportunity to screen patients and allow for early detection of the disease. Heightened awareness of the
association between hypertension and GiTMA may lead to earlier diagnosis in some patients.

Uncontrolled activation of the complement system generates the membrane attack complex C5b-9 and
anaphylatoxins C3a and C5b [7]. C5b-9 causes swelling of the endothelial cells and is often accompanied by
fibrosis. Fibrin-platelet thrombosis occurs where there is a disruption to the endothelial cells. One
hypothesis suggests that the kidney is an ideal target for thrombotic microangiopathy because its pH
promotes complement activation. This may explain why these patients experience acute kidney injury and
in some cases end-stage renal disease requiring dialysis. This theory is supported by autopsy reports
demonstrating thrombotic microangiopathy in the kidney.

Discontinuation of gemcitabine is the first step in management. Patients presenting with thrombocytopenia
and microangiopathy are often treated with TPE for possible TTP until ADAMTS13 test result. This was the
case for our patient. Discontinuation of gemcitabine and TPE alongside steroids are the mainstay of
treatment for GiTMA. However, while the efficacy of TPE and steroids for TTP is well established, questions
have been raised regarding the efficacy of TPE and steroids for GiTMA [11]. Administration of rituximab has
shown benefit in cases where TPE is not rapidly effective [12]. Our patient was also given rituximab with a
sub-optimal response.

Eculizumab, an anti-C5 monoclonal antibody, has also shown to be effective in idiopathic (aHUS) [13].
Eculizumab has also been used in the management of GiTMA with significant improvement in both renal
function and hematological parameters [5,14-17]. It is often used for patients who are at high risk for
complications such as thrombocytopenia, progressive renal failure, or extrarenal complications such as
abnormal vascular permeability. Response to therapy further supports the diagnosis. We chose to use
ravulizumab for our patient due to its long-acting duration, decreased cost relative to eculizumab, and
similar efficacy [18]. To our knowledge, this is the first time ravulizumab has been used to treat GITMA.

Response to anticomplement therapy depends on the types of complications [19]. Improvement in
thrombocytopenia is immediate and a steady increase in platelet count is expected to occur within three
days of administration. While our patient did show an improvement within three days, it was not a
significant improvement. The reasons for this are likely multifactorial. Firstly, our patient was treated with
plasma exchange following administration of ravulizumab due to persistently high reticulocyte count.
Secondly, our patient became febrile with positive blood cultures. When compounding factors are
simultaneously affecting platelet response, it can pose a unique challenge for physicians caring for these
patients. In times of uncertainty, it is recommended to allow time for anticomplement therapy to work
before declaring it ineffective. Kidney biopsies have also been used to confirm the presence of TMA [20].

After anticomplement therapy administration, improvement in hypertension is often seen within one to two
weeks, and improvement in renal function and hemolysis may not be apparent until weeks to months.
Therefore, it is important to allow time for the therapy before declaring it ineffective. Our patient had
persistent hemolysis for 10 days following ravulizumab.

For patients with aHUS, it is recommended to check complement total (CH50) before and after each
treatment with ravulizumab to confirm complete CH50 suppression. In our case of GITMA, C3 and C4 were
checked prior to administration, which were both within normal limits. CH50 was checked after ravulizumab
was given and unexpectedly, was found to be within normal limits. This unexpected finding is not easily
explained and further supports the notion that GiTMA is a separate diseases entity and more research is
needed to explain the mechanism of this process.

Conclusions

As the number of patients treated with gemcitabine increases, a heightened awareness of this serious
complication is warranted. A high index of suspicion for GiTMA is necessary when patients with gemcitabine
present with worsening anemia, thrombocytopenia, and renal failure. Timely discontinuation of
gemcitabine, along with administration of steroids, TPE, rituximab, and a complement inhibitor, such as
eculizumab or ravulizumab, are warranted. When compounding factors are simultaneously affecting platelet
response, it can pose a unique challenge for physicians caring for these patients. In times of uncertainty, it is
recommended to allow time for anti-complement therapy to work before declaring it ineffective.
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