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Abstract

BACKGROUND

Gemcitabine is a chemotherapy agent with relatively low toxicities, as a valid
option for elderly patients with underlying diseases. Gemcitabine-induced
pulmonary toxicities are rare and various, ranging from self-limited episodes of
bronchospasm to fatal, progressive, severe, interstitial pneumonitis and
respiratory failure. Intravesical gemcitabine instillations are commonly used to
reduce recurrence or progression for non-muscle-invasive bladder cancer or
urothelial cancer. Few severe toxicities have been reported for the intravesical
instillation is assumed to be completely separated from the systemic circulation.

CASE SUMMARY

A 67-year-old patient received 30 cycles of intravesical gemcitabine instillation
after transurethral resection and developed a 1-wk fever, cough, hemoptysis, and
dyspnea. After a thorough checkup, bilateral consolidation and infiltration of the
lungs were documented and a percutaneous lung biopsy confirmed organizing
pneumonia after treatment with broad-spectrum empirical antibiotics failed.
Tapered corticosteroids were administered, and pulmonary toxicity gradually
resolved.

CONCLUSION

Gemcitabine-induced pulmonary toxicities present with various manifestations.
In spite of the rare pulmonary involvement by the intravesical gemcitabine
instillation, health care professionals who administer gemcitabine chemotherapy
in this way should monitor for gemcitabine-induced pulmonary toxicities,
particularly in patients with high-risk factors.
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Core Tip: Gemcitabine-induced pulmonary toxicities are rare and various, ranging from
self-limited episodes of bronchospasm to fatal, progressive, severe, interstitial pneumonitis
and respiratory failure. Intravesical gemcitabine instillations are commonly used to reduce
recurrence or progression for non—muscle-invasive bladder cancer or urothelial cancer.
Few severe toxicities have been reported for the intravesical instillation is assumed to be
completely separate from the systemic circulation. In spite of the rare pulmonary
involvement by the intravesical gemcitabine instillation, health care professionals who
administer gemcitabine chemotherapy in this way should monitor for gemcitabine-induced
pulmonary toxicities, particularly in patients with high-risk factors.

Citation: Zhou XM, Wu C, Gu X. Intravesically instilled gemcitabine-induced lung injury in a
patient with invasive urothelial carcinoma: A case report. World J Clin Cases 2020; 8(19):
4652-4659
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INTRODUCTION

Gemcitabine, a nucleoside analog, is currently the standard chemotherapy for solid
tumors, including non-small cell lung cancer and colonic, pancreatic, and bladder
cancers!”l. Gemcitabine is generally well tolerated with few side effects, with
gastrointestinal symptoms and myelosuppression most commonly occurring®l.
Nevertheless, pulmonary toxicities are rare and various, ranging from self-limited
episodes of bronchospasm to fatal, progressive, severe, interstitial pneumonitis and
respiratory failurel”l. Although in vivo experiments revealed the acute and delayed
toxicity of gemcitabine administered by lung perfusion’®”, most of the pulmonary
toxicities and injuries were reported to be caused by systemic chemotherapy resulting
from intravenous administration!'l. For the treatment of invasive urothelial carcinoma
or bladder carcinoma, gemcitabine is given by 1- or 2-h intravesical instillation. Topical
adjuvant chemotherapy is characterized by low systemic peak plasma levels; therefore,
it is believed to rarely cause systemic side effects!’. Thrombocytopenia and
neutropenia were the only documented systemic grade 3 side effects in a literature
review!®l. In this report, we describe a case of invasive urothelial carcinoma treated
with a single gemcitabine intravesical instillation associated with severe gemcitabine-
induced lung injury.

CASE PRESENTATION

Chief complaints
Fever, cough, hemoptysis, and dyspnea for one week after 30 cycles of gemcitabine
instillation as the standard topical chemotherapy for invasive urothelial carcinoma.

History of present illness

A 67-year-old man was referred to the emergency department for the fever, cough,
hemoptysis, and dyspnea for one week. The peak temperature was 38 °C. The cough
was productive with recurrent sticky bloody sputum. Dyspnea was progressive with
dyspnea at rest on admission.

History of past illness

The patient presented with a history of asymptomatic hematuria for 3 mo and a left
urothelial mass. The perioperative screening examination and staging indicated a left
urothelial obstruction via the ureterography (Figure 1A) and a urothelial tube had been
placed for urine drainage. Laparoscopic radical nephroureterectomy with bladder cuff

4653 October 6,2020 | Volume8 | Issue19 |
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Figure 1 Radiologic and pathological examinations of the patient with intravesical gemcitabine-induced pulmonary toxicity. A:
Ureterography indicating left urothelial obstruction; B: Gross appearance of urothelial carcinoma after laparoscopic radical nephroureterectomy with bladder cuff
excision; C: Pathological examination by hematoxylin and eosin staining showing invasive urothelial carcinoma with infiltration to the muscular layer (x 100); D: Chest
computed tomography (CT) scan showing bilateral emphysema and bullae 3 mo before the onset of gemcitabine-induced pulmonary toxicity; E: Chest CT scan on
admission showing bilateral patchy infiltration accompanied by preexisting emphysema and bullae; F-I: Chest CT scan on the 11th day showing worsening of the
patchy infiltration with foci that were more consolidated after empirical antibiotic therapy, resulting in worsening of the respiratory distress; J: Pathological examination
by hematoxylin and eosin staining showing organizing pneumonitis in the percutaneous lung biopsy of the consolidation focus (x 100); K: Chest CT scan 1 mo after
admission showing obvious absorption of the multiple consolidation foci after tapered corticosteroid therapy.

excision was performed and the pathological examination revealed invasive urothelial
carcinoma with infiltration to the muscular layer (Figure 1B and C). Part of the vesical
and ureteric epithelial cells exhibited atypical hyperplasia. The patient received the
standard topical chemotherapy with gemcitabine via intravesical instillation at a
dosage of 1.0 g per 1.75 m? every 2 wk. During the period of 30 cycles of gemcitabine
instillation, no side effects occurred.

The patient’s medical history was significant for a 40 pack-year smoking history.

Physical examination
On examination, the patient exhibited decreased bilateral breath sounds and bilateral
fine crackles.

Laboratory examinations

During the admission checkup, a pharyngeal swab was taken and tested by reverse
transcription polymerase chain reaction for influenza, producing a negative result.
Tests for autoimmune-disease antibodies were all negative, with a ferritin level of
270.9 ng/mL (normal range: 11-336.2 ng/mL) and an IgG4 level of 0.764 g/L (normal
range: 0.012-2.01 g/L). Other laboratory examination results were as follows: White
blood cells 8.08 x 10°/L, neutrophils 5.8 x 10°/L (72.3%), lymphocytes 1.1 x 10°/L
(13.8%), C-reactive protein (CRP) 87.80 mg/L (normal range: < 8 mg/L), interleukin-6
24.73 pg/mL (normal range: < 8 pg/mL), creatinine 108.6 umol/L, blood urea nitrogen
5.07 mmol/L, and interferon-gamma release assay was negative. Blood gas analysis
showed hypoxemia with a partial pressure of oxygen (PO,) of 66 mmHg, partial
pressure of carbon dioxide (PCO,) of 38 mmHg, and pH of 7.44. During empirical
antibiotic treatment, the patient showed no improvement. On the eighth day after
admission, his respiratory distress became worse, with PO, and PCO, decreasing to 48
mmHg and 34 mmHg, respectively. A recurrent, sticky hemoptysis, cough, and newly
emerging fever began over a 3-d period. The peak temperature was 38.4 °C. The CRP
level increased to 130 mg/L along with the appearance of respiratory distress and
fever, but there was no obvious change in routine blood test results. Before that, all the
tests, including sputum and blood smears for Epstein-Barr virus, cytomegalovirus,
mycoplasma, and chlamydia, were negative.

Imaging examinations

A chest computed tomography (CT) scan on admission revealed bilateral emphysema
and bullae with patchy infiltration (Figure 1E). A CT scan performed 3 mo prior was
compared, which showed previously existing bilateral emphysema and bullae
(Figure 1D).

WJCC | https://www.wjgnet.com 4655 October 6,2020 | Volume8 | Issue19 |

Jaishideng®



Zhou XM et al. Intravesically instilled gemcitabine-induced lung injury

Jaishideng®

FINAL DIAGNOSIS

Intravesically instilled gemcitabine-induced lung injury.

TREATMENT

In response to the patient’s worsening conditions, methylprednisolone 40 mg every 12
h was given to the patient on the 11th day. Three days later, the methylprednisolone
was reduced to 40 mg/d taken orally.

OUTCOME AND FOLLOW-UP

The fever subsided and the respiratory distress was relieved thereafter. Three days
later, the CRP decreased to 28.1 mg/L, with a PO, of 61 mmHg (nasal cannula 2
L/min). A CT scan performed on the 11th day showed worsening of the patchy
infiltration with more consolidated foci. A percutaneous lung biopsy was carried out
for definitive diagnosis (Figure 1F-I). Histologic examination revealed organizing
pneumonitis (Figure 1]) and the methylprednisolone was reduced to 40 mg/d taken
orally. A repeated CT scan 17 d later showed slight improvement (Figure 1K) and an
increased PO, of 68 mmHg; therefore, the patient was discharged. One month later,
obvious absorption of lung foci was observed on a CT scan.

DISCUSSION

It is reported that gemcitabine-induced pulmonary toxicity is a relatively uncommon
complication with significant morbidity and mortality, ranging from mild to severe
acute respiratory distress syndrome. However, the incidence varies quite widely from
0.02%1 to 42%!""], whereas the incidence of most severe cases have been reported to
be 0.002%"*"1 to 0.3%!">'“l. This variety exists for several reasons. The first one might be
reporting bias, because a 10-fold increase was found in the clinical trials compared
with the incidence in the spontaneous report in daily practice in one literature review
involving 40 cases", which calls for more emphasis on the concern and the
underestimate for pulmonary toxicity in the clinical use of gemcitabine. The highest
incidence of gemcitabine-associated lung injury occurred in patients with Hodgkin
disease receiving multidrug chemotherapeutic regimens that included gemcitabine
and bleomycin (which has an especially high incidence of pulmonary fibrosis)!!l.
Second, when it comes to gemcitabine-induced pulmonary toxicity in different
cancers, the incidence varies as well. A total of 178 reports of gemcitabine-induced
pulmonary toxicity were reviewed and the diagnoses were specified, revealing that the
incidence of pulmonary toxicity occurred mostly in lung cancer (52%), followed by
pancreatic (16%) and breast (6%) cancers!'l. Often, lung cancers are accompanied by
previous tobacco exposure or underlying lung disease such as chronic obstructive
pulmonary disease, emphysema, or occupational lung diseases which might be risk
factors for developing pulmonary toxicities. Nevertheless, other studies that included
many patients with digestive organ cancer might have underestimated gemcitabine-
induced pulmonary toxicity because the related assessments have rarely been reported
(particularly, a full evaluation of the significance of the correlations between high-
resolution CT findings and the lung pathology)!“.

For the molecular mechanisms of the toxicity of gemcitabine, the exact pathogenesis
of lung injury is not known yet. Gemcitabine has structural and metabolic similarities
to cytosine arabinoside (1-b-arabinofuranosylcytosine, Ara-C), thus presents
approximately the same patterns of the pulmonary toxicities as Ara-C due to the
damage to the capillary endothelial cells resulting in pulmonary edemall. Besides, it
seems that gemcitabine could induce the release of proinflammatory cytokines causing
deregulation of tissue repairl””l. Specifically, in idiopathic pulmonary fibrosis,
enhanced expression of platelet-derived growth factor receptor (PDGFR) and tumor
growth factor (TGF)-beta induces proliferation and transformation of the extracellular
matrix in idiopathic pulmonary fibrosis!"l, which is similar to the mechanism of the
bleomycin induced pulmonary fibrosis!'’l.

For our patient, what is different from the previous reports is that the patient
received the gemcitabine by intravesical instillation. The instillation was maintained in
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the body for a short time as an ablative effect and then released completely, which
indicated that the absorption was deemed to be quite a small amount. The safety of
gemcitabine is tested in different instillation schemes, drug concentrations, and
administered volumes. Its safety profile is excellent, with good tolerability and
minimal toxicity up to 2000 mg per 50 mL for 2-h instillations. In our case, the
intravesical instillation cycle was given every 2 wk for a total of 30 cycles, which
indicated the potential and probable cumulative effect of gemcitabine intravesical
instillation systemically. As far as intravesically instilled gemcitabine is concerned, this
is the first report of associated pulmonary toxicity. For the gemcitabine-induced
pulmonary toxicity by the endovascular route, the cumulative effect was uncertain
because the median cycle of occurrence for the systemically used gemcitabine-induced
pulmonary toxicity was usually an acute phase, during the second cycle or 48 d”!, with
a range of approximately 1 to 14 cycles, after initiation of gemcitabinell. This
correlated with the physiopathological mechanism of the inflammatory reaction of the
alveolar capillary wall: Cytokine-mediated abnormal permeability of its membrane as
an immediate or acute rapid process with the histologic manifestations of interstitial
and intra-alveolar proteinaceous edema®”. For this acute toxicity, a
hyperpermeability of the pulmonary capillaries known as capillary leak syndrome, it
was reported to be reversible and dose-limiting with the maximal tolerant dosage in
the pig model at a concentration at 320 pg/mL". In some scatted cases, delayed
changes including interstitial pneumonitis or pulmonary fibrosis were reported! %',
It should be noted that the lung perfusion of gemcitabine after 90 d in rats induced a
significant increase in pulmonary fibrosis, compared with the intravenous group
regardless of the dosel”. As for the intravesical instillation, although complete
exclusion might be expected after a short time of withholding and then complete
release, minimal chemotherapy leaks might be responsible for the lung injury in this
patient. As in one previous study, minimal chemotherapy leaks of cytostatic drugs
were detected in the systemic circulation after isolated lung perfusion for pulmonary
metastasis with no hepatic or renal toxicity™!.

In the presence of normal spirometry parameters, many severe and diffuse
pulmonary injuries may occur with chemotherapy™!. Due to the relatively low
incidence and various manifestations of gemcitabine-induced pulmonary toxicity, it is
difficult to definitively predict the patients who may develop pulmonary toxicity.
Besides the possible cumulative effect, the potential risk factors for this patient might
be the main contributing reasons for the intravesical-instilled gemcitabine-induced
pulmonary toxicity. Based on an analysis of patient characteristics from published case
series or clinical trials, the risk factors include age of more than 65 years; male
gender; previous or pulmonary concomitant disease, thoracic irradiation, or
association with another drug that may damage the respiratory system!”; performance
status; and pretreatment forced expiratory volume in 1 s (FEV1) < 2 L. In the current
case, our patient had the following predisposing factors: He is a male older than 65
years of age with a 40 pack-year smoking history and concomitant pulmonary
emphysema and bullae. Combined with the postulated pathogenesis of the
gemcitabine-induced pulmonary toxicities as deregulation of the lung tissue repair
and the increased proliferation and transformation of the extracellular matrix, the
predisposing factors that could imbalance the lung tissue repair and increase the
release of PDGFR and TGF-beta, may accentuate or aggravate the pulmonary toxicity
of gemcitabine, which is in accordance with the previous findings on the predisposing
risk factors.

In our case, the radiologic and pathological changes were in accordance with the
diagnosis of organizing pneumonitis. Nevertheless, nonspecific interstitial pneumonia
or a hypersensitivity pneumonitis-like pattern was found to be the predominant
radiologic manifestation in gemcitabine-induced pulmonary toxicities!'”). In one case of
hypersensitivity pneumonitis, the specimens obtained by video-assisted thoracic
surgery revealed a random distribution of granulomas or organizing tissue that was
not relevant to the respiratory bronchiole, corresponding to the high resolution
computed tomography (HRCT)-determined centrilobular nodules identified as a
hypersensitivity pneumonitis pattern. In two cases confirmed by transbronchial lung
biopsy, exudative inflammation found within the alveolar area correlated to the
HRCT-determined centrilobular nodules!'”. Regarding the histologic examinations for
gemcitabine-induced pulmonary toxicity, widespread type-2 pneumocyte hyperplasia
together with hyaline membrane formation, areas of fibrous thickening of alveolar
walls, organizing exudate within alveoli, and patchy alveolar hemorrhage sometimes
occurred. However, histologically, it is still difficult to differentiate from other
unrecognized extrinsic causes or other potential etiologies”]. Thus, the history and
serologic, microbiologic, and microscopic examinations should be taken into
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consideration for the definite diagnosis, especially when the symptoms are nonspecific
and rapidly progressive.

CONCLUSION

In summary, health care professionals should monitor for gemcitabine-induced
pulmonary toxicities after gemcitabine chemotherapy, especially in patients with high-
risk factors, even in the usage of intravesical instillation. With regard to the cumulative
dosage and effect, and the possible delayed changes, numerous and consecutive cycles
should be followed and close monitoring by chest CT should be performed.
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