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Abstract

A 69-year-old man with refractory lung adenocarcinoma was treated with gemcitabine and
vinorelbine. Dyspnea and hypertension developed after the 17th cycle of chemotherapy. Lab-
oratory findings revealed intravascular hemolysis and renal dysfunction. Thrombotic micro-
angiopathy (TMA) was confirmed by renal biopsy. Antihypertensive and steroid therapies
were ineffective. After plasmapheresis, intravascular hemolysis and renal dysfunction gradu-
ally improved. However, the disease progressed, and he died 6 months after TMA diagnosis.
Autopsy revealed similar pathological findings to those of the renal biopsy. It is important to
discontinue gemcitabine at the onset of TMA and consider TMA when using gemcitabine for
long periods.
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Introduction

Gemcitabine is a pyrimidine antimetabolite that acts against solid tumors and has been
shown to be effective against non-small cell lung cancer (NSCLC). The major adverse side
effects of gemcitabine include hematologic toxicity, peripheral edema, asthenia, and flu-like
symptoms [1]. Additionally, there have been few reports of renal failure caused by throm-
botic microangiopathy (TMA) [2].

TMA is a microvascular occlusive disorder characterized by the clinical presentation
of thrombocytopenia, hemolytic anemia, and organ injury. TMA is classified into primary,
secondary, or infection associated TMA. Secondary TMA is induced by autoimmune condi-
tions, severe hypertension, pregnancy, malignancy, bone marrow transplantation, and
drug therapy. In a previous review, drugs causing TMA included tacrolimus, cyclosporine,
interferons, bevacizumab, sunitinib, gemcitabine, mitomycin, quinine, and ticlopidine
[3].

We previously reported a case of bilateral testicular metastases from lung adenocar-
cinoma that showed an objective response to nivolumab [4]. After the 23rd cycle of nivolumab
treatment, the disease progressed, and the patient received combination chemotherapy
consisting of docetaxel/ramucirumab and subsequent biweekly gemcitabine/vinorelbine
treatment. Thereafter, he developed TMA, possibly induced by gemcitabine. Thus, we herein
describe an additional report of a case of gemcitabine-induced TMA confirmed by renal
biopsy and autopsy.

Case Report

A 69-year-old man was admitted to our hospital with progressive hypertension and
renal dysfunction in May 2020. He was diagnosed with locally advanced stage I11A lung
adenocarcinoma in December 2016 [4]. Driver gene mutation tests were negative, and
PD-L1 was expressed in <1% of cancer cells in the tumor. He had a history of diabetes
mellitus and gastric ulceration and had been a smoker between 20 and 65 years of age.
He was originally treated with combined chemotherapy consisting of carboplatin, pacli-
taxel, and concurrent thoracic radiation therapy. In August 2017, bilateral testicular and
adrenal metastases were detected; thus, the patient was diagnosed with recurrent lung
cancer. He received 3 lines of chemotherapeutic regimens: 5 cycles of carboplatin plus
pemetrexed, 23 cycles of nivolumab, and 6 cycles of docetaxel plus ramucirumab as first-,
second-, and third-line therapy, respectively. In addition, we performed a left orchi-
ectomy for testicular metastases in November 2017. In August 2019, the disease was
refractory to docetaxel and ramucirumab treatment; thus, we began subsequent chemo-
therapy consisting of vinorelbine (25 mg/m?) and gemcitabine (750 mg/m?; 1,000 mg/
body) scheduled every 2 weeks as salvage therapy.

Five days after the 17th cycle (cumulative dose of gemcitabine, 12,750 mg/m?), he
presented with dyspnea on exertion and anorexia and was admitted to our hospital. Upon
physical examination, his vital signs were normal except for massive hypertension
(157/99 mm Hg). His blood pressure was low at approximately 100/60 mm Hg before
treatment with vinorelbine and gemcitabine. Laboratory findings showed intravascular
hemolysis (hemoglobin, 6.8 g/dL; lactate dehydrogenase (LDH), 709 U/L; haptoglobin,
<10 mg/dL; schistocytes in a blood smear; negative Coombs test), thrombocytopenia
(10.0 x 10*/uL), and renal dysfunction (serum creatinine level, 1.20 mg/dL; proteinuria,
1.63 g/day) (Table 1). He had no history of infectious disease. His ADAMTS-13 activity
was normal, and autoantibody tests were negative. Computed tomography scans showed
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Table 1. Laboratory findings on admission to our hospital

Hematology LDH 709 U/L CHsg 50.8 U/mL
WBC 8,300 /uL ALP 206 U/L CEA 6.8 ng/mL
Seg 83.3 % y-GTP 38 U/L SLX 33 U/mL
Mon 7.4 % TP 5.1 g/dL RF 13 U/mL
Lym 9.0 % ALB 3.2 g/dL ANA < x40
Eos 0.1 % CRE 1.20 mg/dL  PR3-ANCA <1.0 U/mL
Bas 0.2 % BUN 28 mg/dL  MPO-ANCA <1.0 U/mL
RBC 222 x10*/uL. Na 144 mEq/L  ADAMTS-13 activity 0.67 U/mL
Hgb 6.8 g/dL K 4.1 mEq/L  ADAMTS-13 inhibitor ~ <0.5 BU/mL
Hct 20.5 % cl 110 mEq/L  Haptoglobin =10 mg/dL
PLT 10.0 x10*/uL.  serology Direct coombs test Negative
MCV 92.3 fL CRP 132 mg/dL  urinalysis
PT 93 % HbAlc 5.2 % Glucose )
APTT 29.1 sec IgG 439 mg/dL  Blood (3+)
D-dimer 2.5 pg/dL IgA 68 mg/dL  Protein 687.2 mg/dL
biochemistry IgM 27 mg/dL  CRE 167.1 mg/dL
T-Bil 0.8 mg/dL C3 109 mg/dL  NAG 54.2 U/L
AST 26 U/L C4 29 mg/dL  B;MG 23 ug/L
ALT 13 U/L Clq =15 pg/mL

WBC, white blood cell; RBC, red blood cell; Hgb, hemoglobin; Hct, hematocrit; PLT, platelet; MCV, mean
corpuscular volume; PT, prothrombin time; APTT, activated partial thromboplastin time; T-Bil, total bili-
rubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP, y-glutamyl transpeptidase;
LDH, lactate dehydrogenase; ALP, alkaline phosphatase; TP, total protein; ALB, albumin; CRE, creatinine;
BUN, blood urea nitrogen; CRP, C-reactive protein; HbAlc, hemoglobin Alc; CEA, carcinoembryonic antigen;
SLX, sialyl Lewis-x antigen; IgG, immunoglobulin G; IgA, immunoglobulin A; IgM, immunoglobulin M; RE
rheumatoid factor; ANA, antinuclear antibody; PR3-ANCA, proteinase 3-anti-neutrophil cytoplasmic
antibody; MPO-ANCA, myeloperoxidase-anti-neutrophil cytoplasmic antibody; ADAMTS-13, a disintegrin-
like and metalloproteinase with thrombospondin type 1 motifs 13; NAG, N-acetyl-f-D-glucosaminidase;
B2MG, Bomicroglobulin.

increased bilateral pleural effusion and pericardial effusion, but no changes in lung,
lymph node, and adrenal metastases (Fig. 1). Cytopathologic examination of the pleural
effusion revealed no malignant cells.

On the 4th day of admission, a renal biopsy was performed. Pathological findings of
the biopsied specimen showed diffuse and global duplication of the glomerular basement
membranes due to subendothelial swelling. Light microscopy did not reveal an increase
in mesangial cells (Fig. 2a, b). Immunofluorescence staining showed IgG (), IgA (=), IgM
(+), C3 (-), C1q (-), and fibrinogen (-). In electron microscopy, glomeruli showed endo-
capillary cell proliferation and endothelial swelling. Electron dense deposits were not
observed in the glomeruli (Fig. 2c). Thus, the renal biopsy findings were consistent with
those found in TMA patients. Considering all plausible causes, gemcitabine seemed to be
responsible for the development of TMA, and further chemotherapy was omitted. Subse-
quently, he received antihypertensive therapy with a calcium channel blocker, loop
diuretics, and steroid therapy (30 mg of intravenous prednisolone) (Fig. 3). However,
renal dysfunction gradually worsened, and LDH levels increased. On the 47th day, he
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Fig. 1. Computed tomography scans obtained upon admission to our hospital (a—c). The primary lesion in
the left upper lobe of the lung shows no change (a). Pericardial effusion and bilateral pleural effusion are
observed (b). Neither kidney shows abnormal morphological findings (c). A peripheral blood smear showing
many schistocytes, indicated by arrows (d).

Fig. 2. Pathological findings of the biopsied specimen obtained from the left kidney with periodic acid-me-
thenamine silver stain in light microscopy (a, b) and with electron microscopy (c) showing thrombotic mi-
croangiopathy. Diffuse and global duplication of the glomerular basement membrane and subendothelial
swelling are observed. Electron dense deposits are not observed in glomeruli.

underwent 4 sessions of plasmapheresis. After plasmapheresis, nephrotic-range proteinuria
persisted, but schistocytes in the blood smear disappeared, and LDH and serum creat-
inine levels decreased.

His general condition gradually deteriorated due to the progression of the lung cancer.
He died in September 2020. An autopsy was performed after securing his family’s permission.
Metastases of cancer were found in both lungs, mediastinal lymph nodes, adrenal glands,
liver, and the remaining right testicle. Both kidneys were atrophied (right, 75 g; left, 75 g). In
addition to arteriosclerotic changes, the pathological findings of the autopsy were consistent
with TMA, and they were similar to those of the renal biopsy.
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Fig. 3. The clinical course of thrombotic microangiopathy in the present case. After admission, LDH and Cre
levels worsened and schistocytes appeared. Plasmapheresis was effective in decreasing LDH and Cre, although
antihypertensive therapy and steroids were not. LDH, lactate dehydrogenase; Cre, serum creatinine level.

Discussion

In the present case, the patient developed TMA after salvage combination chemotherapy
consisting of gemcitabine and vinorelbine. Recently, this combined chemotherapy has not been
used in the treatment of NSCLC, except in late-line chemotherapy. However, a previous trial
indicated that this regimen is less toxic (e.g., vomiting, appetite, and hair loss) than cisplatin-
based regimens [5]. In our case, he desired the treatment with less gastrointestinal toxicity.
Although the evidence is poor, we consider chemotherapy consisting of gemcitabine and
vinorelbine for NSCLC patients who desire anticancer treatment during late-line chemotherapy.

TMA has been reported to be caused by several anticancer drugs, such as gemcitabine,
ramucirumab [6], docetaxel [7], and nivolumab [8]. However, in the reports, these anticancer
agents were used immediately before the development of TMA. Additionally, there have been
no published reports of vinorelbine-induced TMA. Therefore, it is unlikely that ramucirumab,
docetaxel, and vinorelbine were the causes of TMA in this case. Gergi et al. [8] reported
nivolumab-induced TMA 12 weeks after the initiation of treatment. In their report, immune
checkpoint inhibitor-related TMA improves within several days by the treatment with pred-
nisone, plasmapheresis, and rituximab. Although treatment duration before kidney injury is
variable in immune checkpoint inhibitor treatment [9], nivolumab involvement in the occur-
rence of TMA seemed to be also unlikely in our case.

The incidence of gemcitabine-associated TMA is 0.015-1.4% [10]. The median devel-
opment time of a TMA syndrome after the initiation of gemcitabine ranged from 7 to 8 months,
with a cumulative dose ranging from 6 to 56 g/m? [2, 11]. Daviet et al. [11] reported that 119
cases of gemcitabine-associated TMA occurred mainly in the treatment of pancreatic cancer
(52.9%) and lung cancer (12.6%). There are only a few published reports in which TMA was
proven pathologically by renal biopsy or autopsy in lung cancer [12]. In our case, the patient
was diagnosed with TMA 8.5 months after the initiation of gemcitabine treatment with a cumu-
lative dose of 12.75 g/m?. Thus, we considered the possibility of gemcitabine-induced TMA.
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Humphreys etal. [2] reported that hypertension or exacerbation of existing hypertension
preceded clinical TMA diagnosis in 7 of 9 patients. In addition, hypertension was the most
common finding in 7 of 12 patients with TMA in a report by Fung et al. [13]. The severity of
hypertension is correlated with poorer outcomes [14]. The patient’s blood pressure was
initially low but then increased 8.5 months after gemcitabine administration. It is important
to perform a physical examination carefully and detect hypertension at an early stage in
patients treated with gemcitabine to prevent aggravation.

The treatments for TMA include plasmapheresis and steroids, in addition to the
discontinuation of gemcitabine and antihypertensive medications [10]. A previous study
suggested that patients treated with plasmapheresis displayed comparable rates of
remission, despite more severe acute kidney damage [11]. In contrast, Gore et al. [15]
reported that the remission rate was higher without the use of plasmapheresis than that
with its use, although there were differences in dialysis rate. Thus, it is unclear whether
plasmapheresis is effective in the treatment of TMA. In the present case, gemcitabine
discontinuation, antihypertensive treatment, and steroids were ineffective in treating
TMA. However, LDH and serum creatinine levels decreased after plasmapheresis.
Therefore, plasmapheresis seemed to prevent the progression of TMA and was somewhat
effective for this patient.

In conclusion, we report an unusual adverse event of gemcitabine-induced TMA in a
patient with NSCLC. Gemcitabine-induced TMA is relatively rare, and there has been no estab-
lished treatment. It is extremely important to discontinue gemcitabine in the early stages of
TMA onset in a clinical setting.
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