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Background: Compound aluminum sulfate injection (CASI) originated from a Chinese traditional 
medicine, “Kuzhiye”, and has been used in treating non-muscle invasive bladder cancer (NMIBC). Previous 
studies suggested that CASI was a potential monotherapeutic drug for NMIBC. However, the efficacy and 
safety of CASI in the treatment of NMIBC, as well as the long-term recurrence after treatment, need to be 
further evaluated.
Methods: A multicenter retrospective single-arm cohort study was conducted. From 2006 to 2009, 101 
patients (74 men and 27 women, aged 58.9±11.9 years) with T1 or benign NMIBC were enrolled. Each 
patient was directly injected with CASI through catheter needle into the root of NMIBC. Vital signs, 
electrocardiography, blood count, blood biochemistry, and urine analysis were re-examined on day 2 and 
day 14 after CASI injection, together with a cystoscopic examination 4 weeks after CASI treatment was 
performed for all patients to assess the clinical activity and safety of CASI. To study long-term efficacy, 
patients in center 2 were followed up for recurrence with a median follow-up time of 13.8 years.
Results: For the 101 patients enrolled in this study, demographic characteristics in the 3 centers showed 
no significant differences. After CASI, 2 patients showed administration site-dependent, but not dose-
dependent, increase in their aluminum concentration in 24 hours without obvious abnormality in blood 
biochemistry. The overall effective rate was 97.03%, including complete tumor necrosis in 94 patients. 
Treatment-related adverse events occurred in 20 patients (19.80%), including 9 drug-related and 11 
cystoscopy-related adverse events (AEs). All AEs were endurable and disappeared within 2 weeks without 
any treatment. The maximum tolerated single dose of CASI was 21 mL. Among the 43 patients at center 2, 3 
patients were excluded because they changed to other treatment regimen. As of April 2022, of the 40 patients 
enrolled, 22 had no recurrence and 7 relapsed. The follow-up time was 2–16.2 years. The other 11 patients 
were lost to follow up. 
Conclusions: CASI may be an effective and safe option for the treatment of NMIBC and is expected to be 
a potential monotherapy regimen for NMIBC.
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Introduction 

Bladder cancer is the most common malignant tumor of 
the urinary system and the 10th most common cancer 
worldwide (1), ranking 6th in men and 17th in women. 
There were about 573,000 new cases and 213,000 deaths 
in 185 countries worldwide in 2020 (2). In the USA, the 
lifetime risk of developing bladder cancer is approximately 
2.3%, with a total of 712,644 cases with bladder cancer in 
2019, and it was estimated that there would be 81,180 new 
cases in 2022 (3). The age-standardized incidence rate in 
China is 3.57/105, and new cases are estimated up to 79,600 
per year (4). Non-muscle invasive bladder cancer (NMIBC) 
accounts for approximately 75% of bladder cancer cases (5). 
The current first-line treatment for NMIBC is transurethral 
resection of bladder tumors (TURBT) followed by 
intravesical Mycobacterium bovis Bacillus Calmette-Guérin 
(BCG) immunotherapy. However, tumor recurrence rate 
is still high, ranging from 31–78% within 5 years (6). To 
inhibit recurrence, postoperative intravesical chemotherapy 
(IVC) following TURBT in patients with low-grade Ta/
T1 NMIBC has been recommended by most guidelines for 
NMIBC worldwide (7-9). However, in practice, only a small 
percentage of patients receive intravesical chemotherapy (10). 
The main reasons for this discrepancy include high cost of 
IVC, inconvenience, possibility of serious side effects, and 
the belief that reducing small superficial bladder cancer 
recurrences is not clinically important. Some studies even 
report that postoperative IVC has no real benefit (11). 
Therefore, the protocol and advantages of IVC are still 
being investigated (12-15). Bladder cancer is considered 
to be the costliest solid tumor due to its high recurrence 
rate and the need for life-long routine monitoring and  
treatment (16).

To date, there has been no specific locally used drug 
to treat NMIBC. Compound aluminum sulfate injection 
(CASI) originated from a Chinese traditional medicine, 
“Kuzhiye”, and has been used in treating NMIBC (17-19). 
Studies showed that the clinical cure rate of NMIBC by 
submucosal injection of CASI at tumor root could reach 
91.1–97.5%, the recurrence rate at 3.5 years was 23%, and 
the recurrence rate at 10 years was 30.5% (17,18). However, 

the TNM stage of the patient's tumors was unknown, and 
the recurrence rate of the tumor over 10 years was not 
further followed up. The study by Shi et al. showed that 
the recurrence rate (within 12 months) of NMIBC (below 
T2 stage) treated by CASI was significantly lower than that 
treated by TURBT (20), but the recurrence rate at more 
than 1 year or even longer was unknown. In addition, the 
above studies did not involve detailed adverse reactions of 
CASI, the absorption and accumulation of aluminum ions 
in the body, and the long-term safety of CASI. Therefore, 
we conducted a multicenter, retrospective, single-arm 
cohort study to assess the efficacy and safety of CASI in the 
treatment of NMIBC in Chinese patients. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-483/rc).

Methods

Study design, participants, and criteria

A multicenter, retrospective single-arm cohort study 
was conducted to investigate the tolerability, aluminum 
absorption, safety, and clinical response of CASI in patients 
with NMIBC (T1) and benign tumors. All patients 
were evaluated for clinical responses and safety. Safety, 
tolerability, and clinical response at 4 weeks following 
CASI administration were considered endpoints. Long-
term follow-up of patients in Center 2 were performed to 
investigate tumor recurrence.

The inclusion criteria were as follows: (I) ≥18 years of 
age; (II) histologically proven NMIBC being concomitant 
to T1 lesions or benign tumors; and (III) pedicle or moss-
like tumor with a diameter <5 cm. The exclusion criteria 
were as follows: (I) adenocarcinoma or squamous carcinoma 
(≥T2) confirmed by histological examination; (II) tumor 
with a diameter ≥5 cm or with a wide base; and (III) 
accompanied with severe cardiac, hepatic, or renal diseases. 

Patients were treated from February 2006 to May 2009 
at the following 3 clinical trial centers: the Department of 
Urology in Beijing Friendship Hospital (center 1, n=34), 
PLA General Hospital (center 2, n=43), and First Bethune 
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Hospital of Jilin University (center 3, n=24). Since the 
absorption test and tolerance evaluation were carried out 
at center 2, patients with large tumors were included in 
this group. The selection of patients in center 2 could 
avoid the bias of “only small NMIBCs were treated”, so we 
conduct the follow-up study in center 2 until April 2022. A 
total of 113 patients were enrolled; of these, 101 patients 
passed the screening and were included in the study. 
Screening evaluations included a medical history, physical 
examination, vital signs, blood count, blood biochemistry, 
urinalysis, electrocardiogram, cystoscopic examination, 
and biopsies. Demographic characteristics of patients were 
obtained before treatment. Vital signs, electrocardiography, 
blood count, blood biochemistry, and urine analysis were 
re-examined on day 2 and day 14 after CASI, together with 
cystoscopic examination, 4 weeks after CASI treatment 
for all patients to assess the clinical activity and safety of 
CASI. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and the Good 
Clinical Practice Guidelines of the Chinese Food and Drug 
Administration. The study was approved by the Ethics 
Committee of Beijing Friendship Hospital (No. 2005-15) 
and the other hospitals (PLA General Hospital and First 
Bethune Hospital of Jilin University) were informed and 

agreed the study. Informed consent was taken from all the 
patients. 

Drug administration

CASI (20 mL/bottle, Chenguang Pharmaceutical Limited 
Liability Company, Changchun, China) was directly 
injected into the root of NMIBC using a catheter needle, 
as shown in Figure 1. In the efficacy and safety evaluation 
study, the injection dose was determined according to 
tumor size. For tumors <1 cm in diameter, 2–6 mL CASI 
was injected; for tumors 1–2 cm in diameter, 4–8 mL CASI 
was injected; for tumors 2–3 cm in diameter, 6–10 mL 
CASI was injected; and for tumors 3–5 cm in diameter,  
8–16 mL CASI was injected. In the tolerance test, 4 patients 
were administered 16–20 mL CASI and 2 patients were 
administered 20–25 mL CASI. CASI should be given into 
the tumor root at multiple sites and the injection should be 
stopped when the whole tumor becomes pale and necrotic. 

Comprehensive evaluation

Aluminum absorption 
Eight patients were included in the absorption study. 
The patients were divided into 3 groups based on being 
administered low (<10 mL), medium (10–15 mL), and high 
(15–25 mL) doses of CASI, respectively. Blood samples 
(2 mL) were collected before CASI and 0.5 h, 1 h, 2 h, 
4 h, 8 h, 1 day, 2 days, 4 days, 7 days, and 14 days after 
CASI administration. Blood aluminum concentration 
was determined by inductively coupled plasma-mass 
spectrometry. The relationship between aluminum blood 
concentration and CASI doses was studied. 

Tolerance 
Twenty-one patients participated in this tolerance test and 
were divided into 5 groups according to their tumor size, as 
shown in Table 1. 

Patients were re-examined the day following drug 
injection and 14 days later. The re-examination included 
vital signs, electrocardiogram, blood count, blood 
biochemistry, urine analysis, and adverse effect monitoring. 

Response evaluation 
Clinical treatment effects of CASI were assessed according 
to a 4-grade response judgment: (I) complete response (CR), 
defined as complete tumor necrosis; (II) marked response 

BA

Figure 1 CASI. (A) For NMIBC, semispherical apophysis appears 
after injection. (B) For MIBC, apophysis with central depression 
appears after injection. CASI, compound aluminum sulfate 
injection; NMIBC, non-muscle invasive bladder cancer.
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(MR), defined as tumor necrosis over two-thirds of its 
volume; (III) partial response, defined as tumor necrosis 
between one-third to two-thirds of its volume; and (IV) 
no response (NR), defined as tumor necrosis less than 
one-third of its volume. The effective rate was applied to 
evaluate therapeutic effects, which was calculated according 
to the following equation: Effective rate (%) = (patients 
with complete tumor necrosis or tumor necrosis >2/3)/all 
patients × 100%.

Safety 
Adverse events were monitored and recorded to achieve 
safety evaluation. Re-examinations were performed 4 
weeks after CASI administration, including vital signs, 
electrocardiogram, blood count, blood biochemistry 
examination, and urine analysis, to assess the influence of 
CASI treatment. 

Follow up
The recurrence of NMIBC, including recurrence time, 
location, pathological type, and treatment, as well as adverse 
reactions related to CASI treatment, were followed up to 
evaluate the long-term efficacy and safety of CASI.

Statistical analysis

Descriptive statistical analysis was used. Continuous 
variables with normal distribution were reported as mean 
and standard deviation. Continuous variables with abnormal 
distribution were reported using median and interquartile 
range. Categorical variables were reported with number and 
percentage. All data were input by EPI DATA 3.0 (EpiData 
Association, Odense, Denmark) and analyzed by SAS 9.13 
(SAS Institute Inc., Cary, USA).

Results

Baseline characteristics of the patients

A total of 101 patients were enrolled in this study. The 
cohort was predominantly male (73.3%), and the mean 
age was 58.9±11.9 years. Demographic characteristics 
of patients in the 3 clinical centers are shown in Table 2. 
There were no significant differences among the 3 centers. 
There were 90 (89.11%) patients with primary tumor and 
11 patients (10.89%) with recurrent tumor. Of the 101 
patients, 89 patients were histologically proven NMIBC 

Table 2 Demographic characteristics of the patients at the 3 clinical trial centers

Characteristics Center 1 (n=34) Center 2 (n=43) Center 3 (n=24) Total (n=101)

Age (years), mean (SD) 61.8 (12.1) 57.5 (11.3) 57.3 (12.4) 58.9 (11.9)

Males, n (%) 22 (64.7) 35 (81.4) 17 (70.8) 74 (73.3)

Height (cm), mean (SD) 165.8 (4.4) 170.0 (6.2) 168.5 (7.1) 168.2 (6.1)

Weight (cm), mean (SD) 67.5 (6.1) 70.7 (9.2) 68.4 (10.2) 69.1 (8.6)

Body temperature (℃), mean (SD) 36.4 (0.3) 36.5 (0.3) 36.4 (0.2) 36.5 (0.3)

Systolic blood pressure (mmHg), mean (SD) 124.1 (8.4) 128.4 (11.6) 134.8 (12.8) 128.5 (11.6)

Diastolic blood pressure (mmHg), mean (SD) 76.32 (7.5) 82.0 (6.2) 87.2 (8.5) 81.3 (8.3)

Respiratory rate (time/min), mean (SD) 17.2 (0.8) 17.6 (0.7) 17.8 (1.2) 17.5 (0.9)

Heart rate (time/min), mean (SD) 73.5 (4.2) 74.9 (6.2) 80.0 (11.9) 75.6 (7.8)

SD, standard deviation.

Table 1 Compound aluminum sulfate injection dosage groups in the 
tolerance test

Group Doses (mL) Patients

1 ≤5 2

2 6–10 6

3 11–15 7

4 16–20 4

5 21–25 2
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T1, 3 were cystitis glandularis, while the other 9 were 
unconfirmed.

Aluminum absorption 

CASI dosage and patients’ blood aluminum concentration 
are shown in Table 3. After CASI, 6 of the 8 patients had 
slight elevation of their blood aluminum; the changes were 
not significant compared with their baseline aluminum 
concentration; therefore, pharmacokinetic parameters 
were not calculated. Two patients (S35 and S39) showed 
significantly increased aluminum concentration after CASI 
administration (S35: 0.5–8 h after injection; S39: 1 h to  
1 day after injection), but then decreased to baseline level 
within the following 24 h. 

Blood biochemistry test results indicated that all the 
biochemistry indicators of S35 had no obvious abnormality. 
For S39, blood urea nitrogen and total bilirubin increased 
to a somewhat higher lever, but returned to normal 2 weeks 
later. Biochemistry results are shown in Table 4. 

Both S35 and S39 were in middle dosage group, with  
12 mL CASI administration. Their tumors and injection 
sites were located in the neck of the bladder, where blood 
flow is abundant. Rich blood supply might explain why 
aluminum was absorbed more. luminum absorption was not 
dose-dependent, but administration site dependent. This 
finding indicated that CASI administration should be done 

carefully to avoid blood vessels, and be injected slowly in the 
bladder wall with abundant blood flow to inhibit aluminum 
absorption.

Tolerance

All 21 patients included in the tolerance test exhibited 
stable vital signs during the test. There were no visible 
electrocardiogram changes after CASI treatment. 
Experimental biochemical examination primarily showed 
some mild changes without any clinical significance. The 
significant change was mainly the increase of red blood 
cells, white blood cells, and protein in the urine test, which 
might be caused by the cystoscopic operation and abscission 
of the tumor. The adverse events rate was 47.62%. All 
adverse events were mild and tolerable, and relieved 
spontaneously in 1–3 days without any treatment. CASI-
related adverse events occurred in 3 cases (14.28%). CASI-
related adverse events included local pain at the injection 
site and abdominalgia, and were due to drug stimulation 
caused by an improper injection into the bladder muscle. 
Therefore, it is important to control the CASI depth to 
avoid these adverse effects.

The maximum single dose of CASI was 21 mL in the 
tolerance test. One of the 2 patients administered 21 mL 
CASI had mild and tolerable infection. The infection self-
resolved in the following days and was as a result of physical 

Table 3 Blood aluminum concentration of patients in the absorption test (ng/mL)

Time
≤10 mL group 10–15 mL group 15–25 mL group

S01 S04 S35 S38 S39 S40 S42 S43

Before injection 195 104.7 104.4 57.8 137.2 77.3 125.8 31.2

0.5 h 278.2 190.2 992.8 112.4 67.8 89.7 47.7 18.3

1 h 295.6 235.4 883.3 107.1 1,580.7 111 34.6 26

2 h 246.5 201.1 634.8 123.8 3,729.9 127.4 35.9 17.9

4 h 291.1 156.3 528.9 89.3 3,361.5 108.7 44.5 30.7

8 h 263.7 133.2 369.4 106.6 2,529.3 80 83.3 79.8

1 day 290.3 188.7 171.7 96.6 910.8 137.7 219.5 65.7

2 days 268.4 239 182 91 188.4 45.1 170 51.3

4 days 320.1 214 280.8 59.9 150.9 38.9 92.4 82.1

7 days 406.9 233.2 112.4 79.8 174.2 58.1 93.3 18.7

14 days 266.4 241.6 109.8 148.5 160.8 84 99.5 57.2

http://www.baidu.com/link?url=lKhT_T322FwT0Hpvf9UyKHtdnpyVKaKd0a6JTafgs1q7S9QgPNoOYBYj2oBeLmM8D1URZXRwiNWgBj3atSbyDzLlqmg-4emug213Tt8lLb6QB8tEnEmYgXmdDbcJ4qre
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injury caused by the cystoscope, rather than CASI.

Efficacy

When CASI was administered only once to each patient (no 
repeated administration of the drug), the overall effective 
rate was 96.04% (97/101 patients), and 92.08% (93/101) of 
the patients achieved CR. The effective rates (CR + MR) 
at centers 1, 2, and 3 were 100% (34/34 patients), 93.02% 
(40/43 patients), and 95.83% (23/24 patients), respectively. 
As 1 patient at center 2 had repeated CASI administration, 
CR at center 2 was 95.35% (41/43 patients), leading to an 
overall effectiveness of 97.03% (98/101 patients), with CR 
being 93.07% (94/101 patients) (Table 5). Typical necrosis 
and abscission process of NMIBC during CASI treatment is 
shown in Figure 2.

Safety

Treatment-related adverse events occurred in 20 patients 
(19.80%) (Table 6), of which 9 (8.91%) experienced adverse 
events related to drug injection, including local pain in 5 
patients (4.95%), abdominal pain in 4 patients (3.96%), 
and anal irritation in 1 patient (0.99%). Other adverse 

events were related to urethral injury caused by cystoscopy. 
All adverse events were endurable and disappeared within  
2 weeks without any treatment. No significant differences 
were found in electrocardiogram or hematological 
examination before and after drug administration. In the 
urine analysis, elevation of red blood cells and white blood 
cells in part of the patients was due to urethral injury caused 
by cystoscopic operation and following tumor abscission. 

Combination

CASI was the only drug administrated to treat NMIBC in 
this study. All adverse events were mild and tolerable, and 
therefore, there was no combined drug treatment in the 
process.

Recurrence

The follow-up survey was carried out in 2012, 2019, 
and 2022. Among the 43 patients in Center 2, 3 patients 
who switched to other treatment regimens due to high 
pathological grades were excluded from this follow-up 
study, and the other 40 patients were included. By April 
2022, 19 of the 40 patients had no recurrence; however, 

Table 4 Biochemistry indicators of S35 and S39

Indicator Normal range Unit

S39 S35

Initial
Day after 
injection

2 weeks after 
injection

Initial
Day after 
injection

2 weeks after 
injection

Ca 2.25–2.75 mmol/L 2.40 2.39 2.50 2.27 2.38 2.43

K 3.5–5.5 mmol/L 3.87 4.21 3.86 3.60 3.95 4.21

Na 130–150 mmol/L 142.4 140.8 144.9 139.3 141.3 141.5

Cr 30–110 μmol/L 85.7 83.6 75 79.7 83 83.1

BUN 1.8–7.5 mmol/L 7.06 7.54 7.35 8.55 5.18 8.20

Glu 3.4–6.2 mmol/L 4.57 4.81 4.93 5.44 5.17 7.86

Tbil 0–21 μmol/L 18.70 28.0 11.60 7.40 14.80 11.0

ALT 0–40 U/L 26.2 29.1 28.1 15.20 14.80 26.0

AST 0–40 U/L 21.4 24.5 28.4 18.20 16.30 17.1

TP 55–80 g/L 71.3 71.7 72.5 63.8 63.10 65

CHO 3.1–5.7 mmol/L 4.92 4.82 5.29 7.62 6.60 7.55

TG 0.4–1.7 mmol/L 1.50 1.3 1.5 16.2 9.89 8.28

BUN, blood urea nitrogen; Glu, glucose; Tbil, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TP, total 
protein; CHO, cholesterol; TG, triglyceride.

http://dict.youdao.com/w/effective rate/#keyfrom=E2Ctranslation
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Table 5 Efficacy of compound aluminum sulfate injection at the 3 clinical trial centers

Therapeutic effects Center 1 (n=34) Center 2 (n=43) Center 3 (n=24) Total (n=101)

Without repeated injection

CR, n (%) 34 (100.00) 40 (93.02) 19 (79.17) 93 (92.08)

MR, n (%) 0 (0) 0 (0) 4 (16.66) 4 (3.96)

PR, n (%) 0 (0) 3 (6.98) 0 (0) 3 (2.97)

NR, n (%) 0 (0) 0 (0) 1 (4.17) 1 (0.99)

With repeated injection

CR, n (%) 34 (100.00) 41 (95.35) 19 (83.33) 94 (93.07)

MR, n (%) 0 (0) 0 (0) 4 (12.50) 4 (3.96)

PR, n (%) 0 (0) 2 (4.65) 0 (0) 2 (1.98) 

NR, n (%) 0 (0) 0 (0) 1 (4.17) 1 (0.99)

CR, complete response; MR, marked response; PR, partial response; NR, no response.

Figure 2 Typical necrosis and abscission process of NMIBC during CASI treatment. (A) Before injection; (B) during injection; (C) after 
injection; (D) after tumor abscission. CASI, compound aluminum sulfate injection; NMIBC, non-muscle invasive bladder cancer.

Before injection

After injection

In the injection

After tumor abscission

A

C D

B
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3 patients did not relapse but died of other disease. Seven 
patients were diagnosed with bladder cancer after 3, 3, 4, 5, 
6, 9, 11 years, respectively. Among these 29 patients were 
followed up and 8 were pathologically diagnosed as papillary 
urothelial carcinoma (PUC) high grade [transitional cell 
carcinoma (TCC) G2 and above], 18 were diagnosed as 
PUC low grade (TCC G1), 1 had cystitis glandularis, and 
the other 2 were unknown. The other 11 patients were lost 
to follow up. Of these patients, 1 patient did not relapse 
for at least 6 years in 2012. In these 11 patients, 9 were 
pathologically confirmed with TCC G1 and below, and 2 
with G1-G2. We are still trying to contact these patients 
and will report the follow-up results in a future study. 

Discussion

Until now, there is no other drug for bladder cancer by 
locally submucosal injection, so there is no suitable drug as 
control. Moreover, the pathological stage and severity of 
the patient's tumor in the early studies on CASi are not very 
clear, the therapeutic dose and the maximum tolerated dose 
of CASI through submucosal injection, the absorption and 
accumulation of aluminum ions after injection in body, the 
acute and long-term toxicity of CASI require further studies 
to determine. Therefore, we conducted a multicenter 
single-arm cohort clinical study to determine the safety, and 
efficacy of CASI.

CASI originated from a Chinese traditional medicine, 
“Kuzhiye”, and has been used in treating NMIBC  
(17-19). Aluminum sulfate is the key component of CASI. 
Compared with cytotoxic chemotherapeutic drugs, CASI 
treats NMIBC through a unique mechanism. Aluminum 

ions reduce cell permeability by promoting protein 
precipitation on the cell surface and in the interstitium, 
causing tumor necrosis from its base. In addition, in situ 
administration of aluminum sulfate can also lead to the 
closure of central vascular necrosis at the base of NMIBC, 
thereby inhibiting the blood and nutritional support of 
tumor tissue and accelerating tumor necrosis. (17). A 
similar drug, aluminum potassium sulfate and tannic acid 
injection (ALTA), which is derived from the traditional 
Chinese medicine “Xiaozhiling”, was approved to market in 
Japan in 2005 and in Korea in 2007 for internal and mixed 
hemorrhoid treatment (21-23).

At the Chinese People’s Liberation Army General 
Hospital, CASI, together with its former formulation, 
has been applied to treat 381 patients with bladder cancer 
and achieved a complete tumor necrosis rate of 91.9% 
in the 1980s (18). Kang obtained a 100% cure in 69 
NMIBC patients at the Dandong Hospital of Traditional 
Chinese Medicine (19). Good efficacy and safety of 
CASI in the treatment of Chinese patients with NMIBC 
were demonstrated in our study, with an effective rate of 
97.03%, while adverse events were mild and tolerable and 
disappeared spontaneously without any treatment. 

The safety of CASI can be explained as follows: (I) low 
absorption after in situ injection. As seen in the absorption 
study, patients had low aluminum absorption. Similar 
results were also obtained in an animal experiment (24,25). 
(II) Almost no delayed absorption. The in situ injection 
caused necrosis of tissue and blocking of blood flow, so 
further drug absorption was prevented. As a result, systemic 
adverse effects, such as increases of alanine transaminase, 
were transient. (III) No aluminum accumulation after 

Table 6 Safety of compound aluminum sulfate injection at the 3 clinical trial centers

Adverse events Center 1 (n=34) Center 2 (n=43) Center 3 (n=24) Total (n=101)

Total, n (%) 9 (26.47) 10 (23.26) 1 (4.17) 20 (19.80)

Local pain, n (%) 2 (5.88) 3 (6.98) 0 (0) 5 (4.95)

Frequent urination, n (%) 1 (2.94) 0 (0) 1 (4.17) 2 (1.98) 

Urgent urination, n (%) 2 (5.88) 0 (0) 1 (4.17) 3 (2.97) 

Odynuria, n (%) 1 (2.94) 2 (4.65) 1 (4.17) 4 (3.96) 

Hematuria, n (%) 1 (2.94) 5 (11.63) 0 (0) 6 (5.94) 

Abdominal pain, n (%) 3 (8.82) 1 (2.32) 0 (0) 4 (3.96) 

Infection, n (%) 0 (0) 3 (6.98) 0 (0) 3 (2.97) 

Anal irritation, n (%) 1 (2.94) 0 (0) 0 (0) 1 (0.99) 
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injection. In most cases, CASI needed to be injected only 
once with complete removal of the tumor. The injection 
caused the local tissue necrosis rapidly which detached 
subsequently. Therefore, there was no risk of adverse effects 
from aluminum accumulation. 

High blood concentration of aluminum is toxic. Aluminum 
in serum is mainly excreted by the kidney (26). Pathological 
aluminum accumulation occurs when aluminum is taken 
in large quantities or continuously, or when patients have 
renal insufficiency. Aluminum toxicosis can be associated 
with encephalopathy, bone abnormalities, and neurological 
disorders (27). Therefore, we suggest that CASI should be 
used with caution in patients with renal insufficiency. 

Recurrence is one of the most important aspects 
of NMIBC treatment. Our former practice in CASI 
clinical application demonstrated that CASI treatment 
was accompanied by a relatively lower recurrence rate  
(5-year recurrence <30.5% without any in situ recurrence) 
compared with TURBT (18). Shi et al. discussed the 
management of bladder cancer at PLA General Hospital 
from February 1982 to July 2004 (20). From a total of 1,908 
patients, 1,174 cases were treated with CASI, 700 cases 
were treated by TURBT, and 34 cases were treated with 
holmium laser. The retrospective analysis results showed 
that there is no in situ tumor recurrence for CASI and 
holmium laser regimen, whereas TURBT was associated 
with tumor recurrence in the original site. CASI is the most 
economic treatment option among the 3 regimens. Based on 
the follow-up outcome of our CASI clinical study in 2022, 
the recurrence rate after CASI treatment was low, with a 
10-year recurrence of 20.7% (6/29) and 5-year recurrence 
of 13.8% (4/29). Studies showed that when treated by 
TURBT, 5-year recurrence of early stage (Ta–T1) NMIBC 
was up to 70% (28); treated by TURBT followed a total of 
27 intravesical instillations for 3 years, recurrence was 43% 

within 9.2 years (29); even when treated by TURBT plus 
an immediate instillation, 2-year recurrence of NMIBC 
could be as high as 31.4% (30). Treatment and recurrence 
in recent key reports are compared and listed in Table 7. 
Since one of the possible mechanisms of early recurrence 
of NMIBC after TURBT is the implantation of floating 
cancer cells in the bladder urothelium after resection (4), 
the low recurrence rate after CASI treatment is reasonable 
because injection in the tumor pedicle results in tumor 
necrosis and shedding, with no live cancer cells roaming 
the bladder. CASI clinical experiences have demonstrated 
relatively low recurrence; however, the data are inconclusive 
due to the lack of randomized control trials. 

However, because our trial was a single-arm, open-
label design and lacked controls, the results may have 
been affected by confounding factors. Also, due to the 
small sample size, there may be selection bias. Therefore, 
a larger randomised controlled trial is needed for further 
study.

Conclusions

As a monotherapeutic regimen for NMIBC, CASI has 
the following characteristics in the treatment of NMIBC. 
First, it has high efficiency. In most cases, just a single 
injection of CASI will cause the tumor tissue to necrotic 
and slough off and be excreted in the urine. Second, it is 
well-tolerated. Treatment-related adverse events were mild 
and relatively rare, and patients self-recovered quickly. 
Third, it is convenient. Treatment of NMIBC with CASI 
requires only cystoscopy. Fourth, it is associated with low 
recurrence, based on available literature. Therefore, CASI 
could be considered a new potential method for NMIBC 
management; however, further research and controlled 
clinical studies are warranted. 
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Table 7 Comparative data of NMIBC recurrence after different treatment regimens

Items RCT phase III study 30911 (29) CASI study (center 2) Retrospective survey (30)

Treatment period Jan 1992–Feb 1997 Feb 2006–May 2009 Jan 2012–Dec 2016

Total cases 957 43 477

Evaluable cases 837 (87.5) 40 (93.0) 477

Age (year) 67 (median) 61.8±12.1 (mean ± SD) 64 (median)

Tumors, n (%)  

Single 121 (15.0) 36 (90.0) 112 (23.5)

Multiple 688 (85.0) 4 (10.0) 365 (76.5)

Unknown 28

Tumor size, n (%)

≤1 cm 397 (50.6) 12 (30.0) 193 (40.5)

>1 cm and ≤3 cm 320 (40.8) 28 (70.0) 148 (31.0)

>3 cm 68 (8.7) 0 136 (28.5)

Median 1 cm 1.5 cm

T stage, n (%) 

Ta 521 (63.6) 0 75.3

T1 298 (36.4) 95 24.7

WHO 1973 grade, n (%)

G1 312 (38.3) 22 (55.0) 318 (66.7)

G2 401 (49.2) 8 (20.0) 106 (22.2)

G3 102 (12.5) 2 (5.0) 53 (11.1)

8 uncertified

Follow-up time (years)

Median 9.2 13.8 –

Maximum 14.3 16.2 –

Intravesical instillation (times) 27 (BCG or chemotherapy) 0 1 (immediate chemotherapy)

Recurrence, n (%)

No 477 (57.0) 22 (55.0) 327 (68.6)

Yes 360 (43.0) 7 (17.5) 150 (31.4)

Unknown 0 11 (27.5) 0

Survival, n (%)

Unknown 0 11 (27.5) –

Alive 559 (66.8) 26 (65.0) –

Deceased 278 (33.2) 3 (7.5) –

Bladder cancer 38 (4.5) 0

Cardiovascular 106 (12.7) 0

Other 92 (11.0) 1 (MODS)

Cause unknown 42 (5.0) 2 (5.0)

Unknown indicates that the patient was lost to follow up. NMIBC, non-muscle invasive bladder cancer; RCT, randomized controlled trial; CASI, 
compound aluminum sulfate injection; SD, standard deviation; BCG, Bacillus Calmette-Guérin; MODS, multiple organ dysfunction syndrome. 
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