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Neurological variability in chemotherapy-induced posterior
reversible encephalopathy syndrome associated with thrombotic
microangiopathy: Case reports and literature review
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Abstract. Posterior reversible encephalopathy syndrome
(PRES) is a clinical syndrome characterized by headaches,
seizures, a confusional state and visual disturbances associated
with transient predominantly bilateral posterior white mater
magnetic resonance imaging lesions. It is primarily reported
in the setting of hypertension, acute renal failure, peripartum
eclampsia, autoimmune disease, immunosuppression and
chemotherapy. Thrombotic microangiopathy (TMA), including
hemolytic uremic syndrome (HUS) and thrombotic thrombo-
cytopenic purpura (TTP) has also been reported as potential
PRES inducer. The present study reviews two cases of patients
with PRES, associated with TMA caused by chemotherapy.
Their clinical and imaging data, and the relevant literature
were reviewed. Patient 1 presented with TMA-induced
PRES following mitomycin-C for metastatic colon adeno-
carcinoma. Treatment with steroids, plasma exchange,
intravenous immunoglobulins, aspirin, antihypertensive
drugs, and diuretics resulted in resolution of the neurological
and imaging deficits. Patient 2 presented with TM A-induced
PRES following gemcitabine for metastatic breast carcinoma.
Treatment was ineffective and the patient deteriorated despite
verapamil, dexamethasone, and plasma exchange. In this
report, the relevant literature regarding pathogenesis, treatment
and prognosis of chemotherapy-induced PRES associated with
TMA was reviewed. We conclude that several chemotherapy
agents may cause PRES through various pathogenic mecha-
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nisms, leading to clinical variability and divergent response to
therapy.

Introduction

Posterior reversible encephalopathy syndrome (PRES) is
a clinical condition characterized by headaches, seizures,
confused state and visual disturbances associated with bilat-
eral, predominantly posterior cerebral white matter lesions
on magnetic resonance imaging (MRI). PRES is reported in
the setting of hypertension, acute renal failure, peripartum,
eclampsia, various autoimmune diseases and multiple thera-
peutic agents (1-10). Thrombotic microangiopathy (TMA),
including hemolytic uremic syndrome (HUS) and thrombotic
thrombocytopenic purpura (TTP) (11), is also reported as
potential PRES inducer (12,13).

As its name suggests, PRES is usually a reversible
condition. Nonetheless, it can cause irreversible injury, even
after discontinuation of the offending agent. While chemo-
therapy-induced PRES is also generally reversible, PRES
induced by anti-rejection therapy (tacrolimus, cyclosporine)
can lead to permanent neurological sequelae (10,14).

To present the extreme diversity of clinical and imaging
findings of chemotherapy-induced PRES related to TMA, we
report our experience with two patients who developed this
condition, and review the literature.

Case report 1

A 36-year-old woman presented with subacute headaches,
dyspnea, and pedal edema 11 weeks following treatment with
mitomycin-C for metastatic adenocarcinoma of the colon.
Her primary tumor had been diagnosed 2 years previously,
and she was treated with 5-fluorouacil and irinotecan. After
treatment failure, a partial colectomy was performed, followed
by 5-fluorouracil, leucovorin, and cisplatin, and later by a
combination of 5-fluorouracil (continuous infusion and bolus),
leucovorin, and mitomycin-C. An objective partial response
was recorded, and mitomycin-C was stopped at a cumulative
dose of 57 mg/m?* 11 weeks prior to admission of the patient.
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Figure 1. Admission brain MRI of patient 1: Admission brain MRI in a 36-year-old woman with posterior reversible encephalopathy syndrome (PRES)
following mitomycin-C (cumulative dose 57 mg/m?. The MRI is 11 weeks after the last dose) for the management of her metastatic colon cancer. The
findings are suggestive of posterior reversible encephalopathy syndrome (PRES). (A) Axial T2-weighted fluid-attenuated inversion recovery (FLAIR) and
(B) T2-weighted images revealed multiple hypertintense posterior white matter lesions. A scanned version of the images that were prepared many years ago.
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Figure 2. Follow-up brain MRI of patient 1: Brain MRI in the same patient 3 months after diagnosis. (A) Axial FLAIR and (B) T2-weighted images show
resolution of the posterior white matter lesions. A scanned version of the images that were prepared many years ago.

Chemotherapy without mitomycin-C was continued for
6 subsequent weeks.

On examination, 11 weeks from the last dose of mito-
mycin C, the patient was pale, afebrile, tachypneic, and
tachycardic, with signs of bilateral pleural effusion, hepato-
megaly, pitting edema, hypertension of 240/120 mmHg, and a
grade II hypertensive retinopathy. Blood tests showed hemo-
lytic anemia with 9 g/dl Hg (12-16 g/dl), accompanied by lactic
acid dehydrogenase (LDH) of 6,400 u/l (240-480 U/l), total
bilirubin of 28 gmol/l (0-17 umol/l), and thrombocytopenia
of 45 10e9/1 (140-40010e9/1), with numerous schistocytes
on peripheral blood smear. She also had acute renal failure
with creatinine of 309 ymol/l (46-92 ymol/l) and blood urea
nitrogen (BUN) 17 mmol/l (0-8.3 mmol/l). Activity levels
of ADAMTSI3 (a disintegrin and metalloproteinase with
thrombospondin type 1 motives) activity levels were normal.
This combination and the previous maximal mitomycin-C
dose was consistent with the diagnosis of TMA induced by

mitomycin-C (11,15). Despite maximal antihypertensive treat-
ment, the patient's blood pressure remained uncontrolled and
she became acutely confused with cortical visual deficit and
generalized tonic-clonic seizures that responded to intravenous
phenytoin. Brain MRI demonstrated extensive hyperintense
posterior white matter lesions on T2 and T2/fluid-attenuated
inversion recovery (FLAIR) weighted images typical of PRES
(Fig. 1).

Intensive treatment with plasma exchange, steroids,
IV immunoglobulin, aspirin, and a combination of antihyper-
tensive agents and diuretics was initiated. Significant clinical
and laboratory improvement was observed after 6 weeks.
The patient became neurologically intact and repeat brain
MRI disclosed resolution of the white matter lesions, with
the exception of a small residual left parietal insult (Fig. 2).
The patient succumbed 1 year later to her malignant disease.
Widespread systemic metastases, with no brain involvement,
was the cause of her death.
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Figure 3. Admission brain MRI of patient 2: Admission brain MRI of a 47-year-old woman with PRES who had undergone treatment with gemcitabine (cumu-
lative dose of 15,000 mg/m?) for metastatic breast cancer. (A) FLAIR image depicting multiple foci and diffuse areas of abnormal signal in the subcortical
white matter and left median thalamus, as well as swelling of the right occipito-temporal gyri. (B) Diffusion-weighted (DWI) MRI showing multiple posterior
white matter lesions with restricted diffusion corresponding to the white matter abnormalities, indicating ischemic change. (C) Susceptibility-weighted images

(SWI) show multiple hemorrhagic foci in the brain parenchyma.

Case report 2

A 47-year-old woman with metastatic breast cancer to the
bones and lymph nodes of 7 years duration presented with
subacute dysphasia and right hemiparesis, which progressed
to full aphasia and hemiplegia over the next 2 weeks. Her
neurological deterioration began 1 month after retreatment
with gemcitabine (cumulative dose of 15,000 mg/m?), which
was initially instituted with carboplatin 8 months earlier.
Cerebral MRI demonstrated T2/FLAIR hyperintense lesions
in the left frontal lobe, the right insular region, and the
parieto-occipital region bilaterally. This was accompanied by
restricted diffusion and hemorrhagic components, and was
compatible with PRES (Fig. 3). Blood pressure was normal.
Tests revealed anemia with Hg of 7.4 g/dl, a normal platelet
count, normal white blood cell (WBC) count, mild bilirubin
elevation of 24 pymol/l (0-17 umol/l), and significant eleva-
tion of LDH to 1,608 U/l. Creatinine, BUN, and lactate were
normal. Prothrombin time (PT) and partial thromboplastin
time (PTT) were normal. Circulating anticoagulants and
anticardiolipids were negative and haptoglobin was normal at
137 mg% (30-200 mg%).

Treatment with a low dose of verapamil and dexametha-
sone was initiated. However, despite a transient neurological
improvement, the patient deteriorated clinically. Repeat MRI
showed worsening of ischemic and hemorrhagic changes. This
was accompanied by hemolytic anemia with Hg of 8 g/dI,
thrombocytopenia of 127x10e9/1, and progressive elevations
in values of bilirubin to 50 gmol/l and LDH to 2,057 U/I.
Blood smear revealed a large number of schistocytes, indi-
cating hemolysis secondary to TMA. Plasma activity levels
of ADAMTSI3 activity levels were normal, compatible with
gemcitabine-induced TMA (11,15). Spine MRI ruled out
leptomeningeal infiltration. The patient was subsequently
treated with 3 courses of plasma exchange and blood products,
but her condition worsened and she became unconscious. She
died 3 weeks after admission.

Discussion

We describe 2 patients with chemotherapy-induced TMA who
developed PRES that was documented by imaging, and who
had very different clinical characteristics. One patient devel-
oped reversible PRES associated with TMA 11 weeks after her
last mitomycin-C treatment. The other patient was diagnosed
with TMA-induced irreversible and fatal PRES following
re-administration of gemcitabine.

Mitomycin-C-induced PRES. Mitomycin-C is an antineo-
plastic antibiotic that has been reported to cause TMA
(HUS/TTP-like) in 4-15% of patients. Most cases occur
within 4 months after the last dose. Toxicity is cumulative and
dose-dependent, and increases at a dose of >50 mg/m? (15-17),
as shown in patient 1. Mitomycin-C-induced TMA results
from endothelial damage (18), which is at least partly due
to formation of platelet-aggregating immune complexes and
complement-fixing circulating immune complexes (19). To
the best of our knowledge, PRES was not previously reported
following treatment with mitomycin-C and may possibly
be related to the mitomycin-C-induced TMA. Since the
pathogenesis involves both platelet-aggregating and comple-
ment-fixing circulating immune complexes, treatment should
include plasma exchange, steroids and anti-platelets agents, as
in patient 1.

Gemcitabine-induced PRES. PRES associated with
gemcitabine was first documented in 2001 (20) and was
reported also after its re-administration (20-22), as in patient 2.
Although most instances of PRES due to immunosuppres-
sive agents occur within 2 weeks of treatment initiation or
dose increase, it may also occur a few months later (1), as in
patient 2.

According to the literature, PRES associated with
gemcitabine is reversible, although in some instances it can
result in neurological sequela. Of 12 cases reported in the


https://www.spandidos-publications.com/10.3892/mco.2017.1476
https://www.spandidos-publications.com/10.3892/mco.2017.1476

MAKRANZ et al: CHEMOTHERAPY-INDUCED PRES

literature, 7 had complete recovery (21,23-26), 4 had partial
recovery (20,27), and only one case was fatal due to a hospital-
ization complication after significant neurological improvement
was achieved (7). Gemcitabine-induced PRES may be related
to microvascular injury (7,20,28-30) or may develop secondary
to TMA. The median cumulative gemcitabine dose associated
with TMA is >20,000 mg/m? (31). However, prior treatment
with chemotherapeutic agents known to cause TMA, such as
mitomycin-C and cisplatin, has been suggested to increase the
likelihood of developing TMA after gemcitabine, and to reduce
the indicated cumulative dose of the agent (32-35). Indeed,
patient 2 had been treated with carboplatin and gemcitabine
a few months before her presentation. Gemcitabine induced
TMA is believed to result from dysregulation of the comple-
ment system, and respond to complement inhibition by
eculizumab (36-38). Since no antibody-mediated mechanism
has been established, it is unlikely that plasma exchange would
be beneficial (36,39), as shown in patient 2.

Clinical course and prognosis of chemotherapy-induced PRES.
Our report documents wide variability in the clinical course of
chemotherapy-induced PRES by different agents. Although as
its name suggests, PRES is mostly reversible, in some patients
the sequelae may be irreversible and even fatal. Patient 1 had
full recovery after discontinuation of the offending agent and
following plasma exchange with administration of steroids
and aspirin. By contrast, patient 2 deteriorated despite discon-
tinuation of the offending agent and treatment with verapamil,
steroids, and plasma exchange. This variability is possibly
related to the different pathogenic mechanisms attributed to
the causative agents, which may also explain differences in the
response to therapy. Clinical deterioration with fatal outcome
may result from cerebral edema, intracerebral hemorrhage, or
as a complication of the underlying condition (10,14,40), such
as progressive hemolysis, as in patient 2.

Prognostic biochemical and imaging markers. Although PRES
is usually reversible, up to 15% of cases are fatal (27). Therefore,
itis important to classify patients according to their risk factors.
However, only a few prognostic markers have been identified
so far, including creatinine and LDH, with their elevation
indicating a worse prognosis (14,41). Furthermore, LDH is
regarded as an early biochemical marker of PRES, predicting
the degree of brain edema in eclampsia and in cancer patients
receiving chemotherapy (41). LDH was elevated in both of our
patients, and was not prognostic. This is explained by the fact
that both had hemolysis, indicating that LDH is not prognostic
in PRES caused by TMA.

In addition to biochemical markers, MRI findings of
hemorrhages and restricted diffusion on ADC mapping,
suggesting cytotoxic as opposed to vasogenic edema, is also
correlated with a worse prognosis (14), as in our patient 2.

In conclusion, the pathogenic mechanisms in chemo-
therapy-induced PRES vary, depending on the agent, leading to
marked differences in clinical course, prognosis, and outcome.
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