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Abstract

BACKGROUND

The advanced first-line regimen for advanced gastric cancer is based on a
combination of fluoropyrimidine and platinum and/or paclitaxel (PTX), forming
a two- or three-drug regimen. Compared to conventional PTX, nanoparticle
albumin-bound PTX (Nab-PTX) has better therapeutic effects and fewer adverse
effects reported in studies. Nab-PTX is a great option for patients presenting with
advanced gastric cancer. Herein, we highlight an adverse event (hemorrhagic
cystitis) of Nab-PTX in advanced gastric cancer.

CASE SUMMARY

A 55-year-old male was diagnosed with lymph node metastasis after a laparo-
scopic-assisted radical gastrectomy for gastric cancer that was treated by Nab-PTX
and S-1 (AS). On the 15" day after treatment with AS, he was diagnosed with
hemorrhagic cystitis.

CONCLUSION
Physicians should be aware that hemorrhagic cystitis is a potential adverse event
associated with Nab-PTX treatment.

Key Words: Nanoparticle albumin-bound paclitaxel; Hemorrhagic cystitis; Gastric cancer;
Adverse event; Case report
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Core Tip: Chemotherapy is an important treatment method for advanced gastric cancer.
Up to now, nanoparticle albumin-bound paclitaxel (Nab-PTX) has shown promising
responses in advanced gastric cancer. We aim to draw attention to a rarely treatment-
related adverse event after Nab-PTX.
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INTRODUCTION

There were approximately 1089103 new cases of gastric cancer and 768693 gastric cancer-related deaths in 2020, making
gastric cancer the 5" most common cancer worldwide and the 4" leading cause of death[1]. Due to the difficulty in
diagnosing early-stage gastric cancer, patients with advanced gastric cancer often have metastases, resulting in poor
treatment outcomes and a 5-year survival rate < 10%[2]. Current treatments for advanced gastric cancer include
radiotherapy, chemotherapy, immunotherapy, and targeted therapy. Moreover, fluoropyrimidine, platinum, and
paclitaxel (PTX) are the main therapeutic drugs for advanced gastric cancer. Usually, the advanced first-line regimen is
based on a combination of fluoropyrimidine and platinum and/or PTX, forming a two- or three-drug regimen[3]. PTX is
a compound extracted from Taxus chinensis that promotes the assembly of microtubule proteins into microtubules,
prevents microtubule dissociation, blocks cell cycle progression, prevents mitosis, and inhibits cancer cell growth[4].
Nanoparticle albumin-bound PTX (Nab-PTX) has a 33% greater uptake in tumors than PTX[5]. Nab-PTX is rapidly
dissolved and released after entering the bloodstream and exists in the form of free PTX and albumin-bound PTX
complexes. The vast majority of Nab-PTX complexes enter the intercellular matrix through active transportation and
binds to the Sparc protein expressed in tumor tissues. Nab-PTX is enriched in tumor tissues to exert anti-tumor effects
with relative targeting[6]. Moreover, Nab-PTX does not contain solvents, such as ethanol and polyoxyethylene castor oil,
so steroids or antihistamines can prevent allergic reactions and can be used in patients with an alcohol allergy.

The combination of Nab-PTX and S-1 (AS), an oral 5-FU derivative, has been reported to have a synergistic anti-tumor
effect in preclinical mouse models[7]. In a phase III non-inferiority clinical study of advanced gastric cancer, the median
overall survival of patients treated with Nab-PTX was not inferior to PTX[8]. In a multicenter, randomized, phase III
clinical study on advanced gastric cancer, the efficacy of Nab-PTX combined with S-1 was compared to oxaliplatin
combined with S-1 (SOX). The results showed a median progression-free survival of 9.03 months in the AS group and
5.07 months in the SOX group. Of note, the study was discontinued due to slow enrollment and a change in treatment
strategies; however, the mid-term results indicated that progression-free survival after AS treatment was superior to SOX
treatment[9]. The most common adverse events reported in Nab-PTX clinical trials are like conventional PTX and include
bone marrow suppression, sensory neuropathy, hair loss, and fatigue[8,9].

CASE PRESENTATION

Chief complaints
A 55-year-old male presented to the hospital with hemorrhagic cystitis after chemotherapy.

History of present illness
Over the past 2 wk, the patient experienced worsening frequency, urgency, and dysuria with gross hematuria.

History of past illness
The patient had a history of cystitis in 2021.

Personal and family history
The patient denied any family history of malignant tumors.

Physical examination
The physical examination revealed normal vital signs.

Laboratory examinations

The urine routine showed a 1+ white blood cell count, 3+ occult blood count, and 4+ red blood cell count. No
abnormalities were detected on routine blood analyses. The urine bacterial culture showed no bacterial growth and acid-
fast staining was negative for bacteria. A tuberculosis-specific enzyme-linked immunospot assay (T-SPOT.TB)
examination showed negative results. No malignant cells were detected in the urine cytologic evaluation.

Imaging examinations
An abdominal enhanced computer tomography (CT) scan revealed thickening of the gastric wall near the lesser curvature
of the stomach and ulcerations, suggesting a malignant tumor on December 25, 2020 (Figure 1A).
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Figure 1 Computed tomography scans taken before and after treatment and Pathology of surgical specimens after total gastrectomy. A:
Enhanced computed tomography (CT) scan of the abdomen before surgery: Thickening of the gastric wall near the lesser curvature of the stomach and formation of
ulcers; B: Pathology of surgical specimens after total gastrectomy: Histological type: moderately differentiated adenocarcinoma; Lauren’s classification: Intestinal
type; Infiltration depth: Infiltration to the sub-serosal layer, involving nerves; C: Abdominal lymph node metastasis positron emission tomography-CT: Enlarged lymph
nodes in the left upper peritoneum and splenic and pancreatic space; D: Enhanced CT scan of the abdomen after 6 cycles of treatment: Lymph node reduction
compared to before treatment. The orange arrows showed the location and range of the tumor.

The postoperative pathologic evaluation after a laparoscopic-assisted radical gastrectomy for gastric cancer performed
on January 10, 2021 revealed that the histologic type was a moderately differentiated adenocarcinoma. Immunohisto-
chemistry of omental adipose tissue revealed the following: P53+ (wild-type); Ki-67+ (approximately 40%); CerbB-2 (2+);
MSH2+; MSH6+; PMS2+; MLH1+; S-100—; SALL4-; AFP+; SATB2-; CDX2-; and CK20+ (Figure 1B). Staging of gastric
cancer according to the 8" edition of the AJCC was as follows: T3N2MO, stage IIIA. The patient received six cycles of the
SOX regimen [S-1 (60 mg po bid d1-d14) and oxaliplatin (150 mg d1)] after surgery. During this period, numbness and
discomfort occurred in the hands and feet, suggesting peripheral neurotoxicity caused by oxaliplatin.

On April 27, 2023, a follow-up abdominal enhanced CT scan revealed multiple enlarged lymph nodes in the abdominal
cavity. On May 3, 2023, a positron emission tomography-CT scan revealed enlarged lymph nodes in the left upper
peritoneum and splenopancreatic space after gastric cancer surgery, with increased 18 F-fluorodeoxyglucose metabolism,
suggesting metastasis (Figure 1C).

After surgery, fluorescence in situ hybridization for human epidermal growth factor receptor 2 was negative with no
gene amplification. The tumor cell proportion score < 1% and programmed cell death ligand-1 programmed death
ligand-1 Yielded the combined positive score < 1. On May 5, 2023, the first course of Nab-PTX (130 mg/m? on days 1 and
8) combined with S-1 chemotherapy (60 mg twice daily for 14 d) was initiated.

The patient developed bladder symptoms, including frequent urination, urgency, and pain, on the third day after
treatment began but did not seek medical attention at that time. On the 5" day, he purchased levofloxacin tablets (500 mg
qd orally for 1 wk) at a pharmacy because the symptoms persisted, but there was no improvement. Due to symptoms of
cystitis, he did not return to the hospital to complete Nab-PTX chemotherapy on the 8" day. On the 12" day after
treatment began, the patient had a consultation in the Urology Department. On the 15" day the frequency, urgency, and
dysuria worsened with gross hematuria.

Cystoscopy revealed edema, inflammation, and bleeding of the bladder mucosa, suggesting hemorrhagic cystitis. The
pathologic results of a biopsy under cystoscopy revealed chronic inflammation of the bladder mucosa with granulation
tissue formation (Figure 2).

FINAL DIAGNOSIS

Hemorrhagic cystitis associated with Nab-PTX was the final diagnosis.

TREATMENT

Sustained-release mirabelon tablets and piperacillin sulbactam sodium were administered and the bladder was irrigated.
Hemorrhagic cystitis was relieved 2 wk later.
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Figure 2 Cystoscopy and pathological results of biopsy under cystoscopy. A and B: Cystoscopy shows bleeding of the bladder mucosa (blue arrow);
C and D: Pathological results of biopsy under cystoscopy showed that the lesion was tumor-free.

OUTCOME AND FOLLOW-UP

Considering the limited availability of drugs for advanced gastric cancer, the patient continued to receive 5 cycles Nab-
PTX combined with S-1 chemotherapy. The bladder was protected with 2-mercaptoethane sodium sulfonate on the day of
intravenous chemotherapy.

During the treatment period regular abdominal enhanced CT scans were performed. On August 31, 2023, an
abdominal enhanced CT scan showed a reduction in the size of abdominal lymph nodes (Figure 1D). During the
treatment period the patient had repeated episodes of frequent urination, urgency, and pain, but no hematuria was
observed. After completing six cycles of Nab-PTX combined with S-1 chemotherapy, the patient underwent 25 sessions of
radiation therapy on enlarged lymph nodes in the abdominal cavity and received synchronous oral chemotherapy with S-
1. There was no further visual hematuria after radiotherapy, and the frequent urination, urgency, and pain improved
significantly. A routine urinalysis revealed no white blood cells, red blood cells, or occult blood. The patient’s treatment
process is shown in Figure 3.

DISCUSSION

Nab-PTX is a cytotoxic drug used clinically for anti-tumor activity. Nab-PTX is widely used in solid tumors, such as
breast, gastric, ovarian, pancreatic, and non-small cell lung cancers. Since 1992, PTX has been approved by the Food and
Drug Administration (FDA) for the treatment of ovarian cancer and various forms, such as docetaxel, albumin-bound
PTX, and liposome PTX, have been approved for cancer treatment. Clinical studies have shown that compared to conven-
tional PTX, Nab-PTX exhibits good efficacy and safety[10].

The combination of oxaliplatin and fluoropyrimidine has a Class 1A level of evidence in the first-line treatment of
advanced gastric cancer, making the oxaliplatin and fluoropyrimidine combination a first-line treatment for metastatic
gastric cancer[3]. However, oxaliplatin has dose-limiting toxicity, and when the cumulative dose reaches 800 mg/m?
oxaliplatin may cause permanent sensory abnormalities and functional impairment. In our case, the patient underwent
six cycles of the SOX regimen followed by adjuvant chemotherapy after surgery and developed numbness in the hands
and feet during the adjuvant treatment period, which persisted until recurrence and metastasis. Considering the better
safety of Nab-PTX, we treated our patient with the AS chemotherapy regimen in the advanced frontline. The patient had
previously received oral S-1 chemotherapy during adjuvant therapy, completing a total of 6 cycles without any symptoms
of hemorrhagic cystitis. Moreover, after completion of a Nab-PTX intravenous infusion, the cystitis symptoms gradually
improved during maintenance chemotherapy with S-1. Therefore, we are of the opinion that the hemorrhagic cystitis was
mainly related to Nab-PTX. We use Naranjo’s algorithm (adverse drug reaction probability scale) to evaluate the causality
of adverse events of Nab-PTX. The total score was 8 points, which is means that hemorrhagic cystitis probably caused by
Nab-PTX.
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Figure 3 Timeline of chemotherapy, urologic symptoms, and concomitant treatment. SMZ: Sulfamethoxazole; AS: Nab-paclitaxel combined with S-
1.

Hemorrhagic cystitis is a severe adverse event that can occur in cancer patients receiving cytotoxic drug treatment. The
common symptoms include bleeding, frequent urination, urgency, and dysuria, which severely affect a patient’s quality
of life. Treatment mainly includes continuous bladder flushing, hydration, alkalization of urine with sodium bicarbonate,
protection of bladder with sodium mesilate, and anti-infectives. It has also been reported that hyperbaric oxygen
treatment temporarily alleviates hemorrhagic cystitis caused by cyclophosphamide in breast cancer patients[11].

In non-grassroots invasive bladder urothelial carcinoma, hemorrhagic cystitis is common in response to BCG and
mitomycin C bladder infusion chemotherapy[12], which is caused by direct contact between bladder infusion
chemotherapy and the bladder mucosa, leading to bladder mucosa damage. Hemorrhagic cystitis has been reported after
chemotherapy with cyclophosphamide and ifosfamide, mainly related to the metabolite, acrolein[13], but there are few
reports involving other chemotherapy drugs[14]. A 73-year-old male patient with prostate cancer developed hemorrhagic
cystitis after receiving chemotherapy with docetaxel. After continuous bladder irrigation and fluid replacement, the
condition improved after 2 wk[15]. A phase II clinical study using PTX combined with carboplatin in the treatment of
advanced lung cancer reported that approximately 1% of patients developed hemorrhagic cystitis during treatment[16].
Wang and Liu[17] analyzed the adverse events of Nab-PTX using the United States FDA adverse event reporting system
and identified 1659 adverse events, including 18 cases of urinary tract infections and no reported adverse events
consistent with hemorrhagic cystitis. Only one case involving a 69-year-old breast cancer patient who received Nab-PTX
chemotherapy developed hemorrhagic cystitis has been reported[14]. He improved after drug withdrawal, bladder
irrigation, and oral glucocorticoid for 2 wk. Interestingly, the breast cancer patient had a history of cystitis, as occurred in
our patient.

The mechanism underlying hemorrhagic cystitis caused by Nab-PTX is not clear. After entering the body, 94% of nab-
PTX is bound to plasma proteins and 6% is unbound to PTX. Nab-PTX is mainly metabolized by CYP2CS8 in liver
microsomes, with < 1% metabolized by the kidneys. According to the pharmacokinetics and pharmacologic toxicity of
Nab-PTX[18,19], we speculate that this may be related to oxidative stress, inflammatory response and disruption of the
urothelial barrier, especially in patients with a history of cystitis. In conclusion, further research is needed to determine
the mechanisms underlying the occurrence and development of hemorrhagic cystitis in patients treated with Nab-PTX.

CONCLUSION

Physicians should be aware that hemorrhagic cystitis is a potential adverse event associated with Nab-PTX treatment,
especially in patients with a history of cystitis.
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