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Abstract: Bladder cancer is a heterogeneous disease with variable natural history. Non-muscle-
invasive bladder cancer has a favorable prognosis following transurethral resection, but the optimal
adjuvant chemotherapy plan is still in debate. The aim of this study was to evaluate the effect of the
adjuvant intravesical administration of a single dose of gemcitabine in the outcome of this disease.
For that purpose, we performed a systematic review and meta-analysis on available randomized
control trials on MEDLINE, EMBASE, Cochrane, Scopus, and Google Scholar databases. Ultimately,
two studies were included with a total number of 654 patients. The statistical analysis performed
showed that a single post-operative intravesical dose of gemcitabine does not affect the recurrence
rate of non-muscle-invasive bladder cancer compared to placebo. Therefore, this therapeutic strategy
does not offer any significant improvement on the outcomes of the disease. Nonetheless, due to
the plethora of available therapeutic agents and treatment strategies, further research is needed to
establish the optimal treatment in this category of patients.

Keywords: bladder cancer; intravesical chemotherapy; gemcitabine

1. Introduction

Bladder cancer (BC) is a highly heterogeneous disease with a variable natural his-
tory [1,2]. It can range from low-grade Ta tumors that progress slowly and only require
endoscopic treatment and surveillance without posing an actual threat to the patient, to
high-grade tumors with a very high malignant potential that can lead to significant pro-
gression and high cancer death rates [1,2]. BC is the 4th most common cancer in men and
the 13th most common in women in the western world and the second most common
genitourinary malignancy [1–3]. More specifically, in the United Kingdom (UK), it is the
seventh most common cancer overall, with 10,399 cases and 5081 deaths in 2011 [2]. In the
United States of America (USA), BC is the sixth most common malignancy and comprises
5% of new cancer diagnoses [4]. In 2018, it was estimated that 700,000 patients were living
with the disease in the USA [3].

BC affects males three to four times more commonly than females [2,4,5], making it
the eighth most common cause of cancer death [6–8]. At the same time, however, female
patients with BC have more advanced tumors at the time of diagnosis [6,9], while female
gender has also been associated with a higher risk of disease recurrence, progression, and
death rate following treatment [10–26]. BC is also more common in people of White ethnic
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background than it is in people of Afro-American or Hispanic origin [4,5]. However, there
are also many other risk factors involved. Advanced age plays an important role, as the
majority of patients are diagnosed above the age of 55 with a median age of diagnosis
between 65 to 70 years [1,2,4]. Nonetheless, the most important modifiable risk factor
for BC is cigarette smoking, as it seems to be responsible for approximately two-thirds of
BC in men and one-third in women and has been estimated to be a contributing factor
in up to 50% of all cases in the USA [5,27,28]. This is a result of the carcinogenic effect
of tobacco compounds such as aromatic amines and N-nitroso compounds, which cause
DNA damage in the form of base modifications, double-stranded breaks, and bulky adduct
formation [29,30]. Opium smoking has also been associated with BC [29,31]. Another
significant risk factor for BC is occupational carcinogen exposure, which accounts for 5–6%
of the overall attributable risk of BC [29,32]. There is also inference that metabolic syndrome
could be a risk factor given altered lipid metabolism in most cancers. This corresponds with
biomarkers such as pseudocholinesterase activity and ratio of triglycerides to HDL choles-
terol in having the potential to serve as a biomarker for bladder cancer [33]. According to a
large number of studies, the highest increase in the relative risk for BC was observed among
tobacco, dye, and metal workers [29]. Specifically, agents with a suspected or established
role as an occupational bladder carcinogen include 4-aminobiphenyl, 2-naphthylamine,
4,40-methylenebis(2-chloroaniline), toluene, metal working fluids, perchloroethylene, pol-
yaromatic hydrocarbons (PAH), and diesel exhaust [29,34,35]. Other important risk factors
include dietary factors, such as vitamin D deficiency [36] and consumption of animal
protein and processed meats [37,38]. Finally, environmental carcinogens that have been
associated with an increased risk for BC include arsenic [39–41] and nuclear power plant
and shale gas extraction [42,43]. Lifestyle factors can also have a protective effect. Encour-
aging exercise and a diet rich in fruit and vegetables can reduce one’s risk of bladder cancer.
As such, epidemiological and pre-clinical studies have correlated flavonols (kaempferol,
myricetin, and fisetin) with a reduction in genito-urinaray malignancies in epidemiological
studies [44].

The vast majority of BC originates from urothelial, or ‘umbrella’, cells that cover the
lumen of the urinary bladder [45,46]. BC can be categorized in many ways [46]. Tumor
stage is assigned by evaluating the depth of bladder wall invasion. BC that is confined
to the urothelium (stage Ta) and to the lamina propria (stage T1) are defined as non-
muscle-invasive BC (NMIBC) and are approached and managed differently from tumors
that have grown beyond that level (stage T2 and above defined as muscle-invading BC,
MIBC) [46]. NIMBC comprises up to 75% of the cases of BC [2,47,48]. The American
Urological Association (AUA) stratifies patients with NMIBC into three categories: low,
intermediate, and high risk [46]. The prognosis of NMIBC is generally good with 43%
and 33% 5-year recurrence-free survival rates for patients with low and intermediate
risk NMIBC, respectively [46], but up to 21% of patients with high-risk NMIBC will
progress to MIBC [2,49,50]. The most common clinical presentation of BC is macroscopic
hematuria [46]. However, BC can also manifest itself clinically as isolated microscopic
hematuria (urinalysis revealing three or more erythrocytes per high-power field), symptoms
of bladder irritation on voiding, or even as an incidental tumor identified on imaging
performed for other diagnostic purposes. The diagnostic approach includes cystoscopy and
endoscopic resection, imaging such as computed tomography (CT), or magnetic resonance
imaging (MRI) urogram, mainly to assess the upper urinary tract and the use of urine tests
and biomarkers [46].

NMIBC is mainly treated by transurethral resection (TUR) [51,52], but the high risk
of recurrence and disease progression in a high percentage of patients necessitates further
treatment with intravesical instillation of chemotherapy or immunotherapy [46,52]. For
that purpose, there is currently a large variety of immunotherapeutic and chemotherapeutic
agents that includes bacille Calmette–Guérin (BCG), mitomycin C, doxurubicin, epirubicin,
and valrubicin [53,54]. Mitomycin C has traditionally been the drug of choice for this
purpose, but it has been associated with irritative voiding symptoms and occasional bladder
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necrosis [55]. Moreover, available evidence on optimal dose and duration of intravesical
chemotherapies other than BCG is limited [53].

Gemcitabine is a cell-cycle phase-specific chemotherapeutic agent (pyrimidine an-
timetabolite) that has been brought to light recently. The mechanism of action of gemc-
itabine primarily involves killing cells that undergo deoxyribonucleic acid (DNA) synthesis
(S-phase), while it also inhibits the progression of cells through the G1/S-phase bound-
ary [56]. Gemcitabine is metabolized inside the cytosolium to its active diphosphate and
triphosphate metabolites. The cytotoxic outcome of gemcitabine is ultimately the result of
the joint action of the diphosphate and the triphosphate nucleotides that leads to inhibition
of the synthesis of DNA [56]. Gemcitabine has been proven to have biological activities in
a wide range of solid tumors, such as pancreatic neoplasms, biliary tract cancers, sarcomas,
non-small cell lung cancer (NSCLC), malignant pleural mesothelioma, breast cancer, and
nasopharyngeal carcinoma [55,56]. Currently, gemcitabine seems to hold the greatest po-
tential in becoming the chemotherapeutic agent of choice for intravesical therapies on the
prevention of recurrence and progression of NMBIC [57].

The aim of this systematic review and meta-analysis was to evaluate the effect of
adjuvant single postoperative instillation of gemcitabine on recurrence of NMIBC.

2. Materials and Methods

This study is a systematic review and meta-analysis that was carried out without a
pre-existing registered protocol. A systematic and detailed electronic search of the literature
was performed to identify randomized control trials (RCTs) on the outcomes of single
adjuvant intravesical instillation of gemcitabine for NMIBC. The MEDLINE and EMBASE
databases were searched from 1 January 2006 until 30 November 2021. Studies before this
date were not included as they were considered to have been outdated and superseded by
previous research. The following MESH terms, keywords, and search strategy were used
for the MEDLINE database:

(“bladder”[All Fields] AND “neoplasms”[MeSH Terms] AND “gemcitabine”[Title])
AND (randomizedcontrolledtrial[Filter]).

Additional search was performed using similar search strategies in the Cochrane,
Scopus, and Google Scholar databases. Finally, search for grey literature was conducted on
the websites of international urological associations and networks and on available data
from urological conferences.

Two independent reviewers (K.L. and M.R.) performed the original literature search
on the online databases and then evaluated the retrieved articles for their relevance. Ini-
tially, articles were screened according to their title, and duplicate records were removed.
Afterwards, titles and abstracts were examined for their relevance, and any non-relevant
papers were excluded. Ultimately, full-text copies of the remaining articles were obtained
for further eligibility screening and subsequently for data extraction and inclusion in
the qualitative and quantitative analysis. In cases of disagreement between reviewers, a
third independent reviewer (E.C.W.) was involved and, ultimately, either a consensus was
reached, or the majority opinion was used for the final decision. Inclusion criteria were:
(1) randomized control trials; (2) publication date after January 2006; (3) English language;
(4) papers involving only adults; (5) animal models excluded; (6) single adjuvant intravesi-
cal instillation of gemcitabine used for NMIBC and compared to placebo; and (7) data on
recurrence rate and/or survival rate and hazard ratio with 95% confidence intervals (CI)
present. Studies that did not meet the above-mentioned criteria were excluded. Each article
was studied independently for data extraction.

Data extracted from each article selected for analysis included the number of patients
in each study and the participants in each arm (control and intervention), patients’ de-
mographics (age and sex), the number of tumors identified at the time of index TUR, the
tumor type (primary or recurrent), gemcitabine dosage and administration method, time of
follow-up, time of recurrence, and hazard ratio with 95% CIs.
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Data extracted were used in this meta-analysis to calculate the pooled hazard ratio
and form the respective forest plot comparing the effect of gemcitabine administration
in NMIBC recurrence rate to placebo, using a random-effect model. The assumption
of data homogeneity is proven with the use of the chi-squared test and the calculation
of the I2 index. Data in this study are presented as mean ± standard deviation. All
the statistical analyses were carried out using Reviewer Manager 5.4.1 software (Review
Manager (RevMan) [Computer Program]. Version 5.4.1, Copenhagen: The Nordic Cochrane
Centre, Denmark, The Cochrane Collaboration, 2020). In the current study, the value of
p < 0.05 was used as the level of statistical significance.

This systematic review was prepared following the PRISMA checklist.

3. Results

The initial search of the electronic databases resulted in 71 articles, while no other
studies were identified via going through the available grey literature. After removing the
duplicate records, 59 studies were screened afterwards depending on their title and abstract.
This process yielded two articles eligible for full-text analysis. The rest of the articles were
excluded as their study design, protocol, and methodology aimed to answer a different
PICO question to the one that was intended by our study. These two articles [56,57] were
ultimately included in the qualitative and quantitative analysis. The flowchart of the article
selection process is demonstrated in Figure 1.

The total number of patients in the two RCTs included in this meta-analysis was 654.
The total number of patients in the intervention/gemcitabine group was 325, and in the
control/placebo group was 329. The median age of patients in both groups in the first
study [58] was 66 years, while in the second study [59], it was 65 years in the gemcitabine
group and 67 in the placebo group. The total number of male participants was 542 (82.8%).
The total number of primary tumors at the time of index TUR across both studies was 448,
and the total number of solitary tumors was 407. In the first study [58], patients received
either 2 g of gemcitabine in 100 mL of saline or 100 mL of saline alone three hours after TUR
and were followed up for a total period of four years. In the second study [59], patients
received the same treatment options and had a median follow-up of 23.6 months (range:
0–46 months). The individual characteristics of each included study are mentioned in
Table 1.

In the study performed by Messing et al., the recurrence rate for the patients in the
gemcitabine group was 35%, while for the placebo group, it was 47%. The calculated
hazard ratio with 95% CIs was 0.66 (0.48–0.90) with a p < 0.001, indicating a statistically
significant difference between the two groups. As part of its secondary analysis, this
study also proved a statistically significant difference in the recurrence rate between the
gemcitabine and placebo groups for patients diagnosed with low-grade NMIBC (p < 0.001),
but no such difference was demonstrated in the group of patients with high-grade NMIBC
(p = 0.38). Moreover, no difference was found in the death rate between the two groups
(p = 0.12). On the other hand, in the study by Böhle et al., there were 48 recurrences in the
gemcitabine group and 46 recurrences in the placebo group, resulting in a hazard ratio of
0.946 (0.64–1.39), which indicates no significant difference between the groups. Subgroup
analyses performed by tumor type, number of lesions, and tumor grade also revealed no
statistically significant differences.
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Table 1. Characteristics of each individual study included in the meta-analysis.

Study Number of
Patients

Gemcitabine
Group

Placebo
Group Age (Median) Male Sex Primary

Tumors
Solitary
Tumors Follow-Up

Messing et al.
[58] 406 201 205 66 344 256 275 4 years

Böhle et al.
[59] 248 124 124

65, gemcitabine
group

67, placebo
group

198 192 132 23.6 months
(median)

Total 654 325 329 N/A 542 448 407 N/A

The meta-analysis of the above-mentioned data showed a pooled hazard ratio of
0.78 (0.55–1.10), indicating that a single adjuvant intravesical dose of gemcitabine does not
have a positive outcome on the recurrence rate of NMIBC compared to placebo treatment.
The I2 test yielded a value of 49%, and the chi2 test, a p-value of 0.16, indicating that there
was homogeneity across the studies included in the meta-analysis. The forest plot of this
outcome is shown in Figure 2.
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4. Discussion

This systematic review and meta-analysis examined the results of two studies on
the outcomes of a single adjuvant intravesical instillation of gemcitabine for NMIBC
following TUR that were eligible for analysis. We investigated the use of postoperative
intravesical instillation of gemcitabin for non-muscle invasive bladder cancer, taking into
account the data of these studies. The conclusion was that a single dose of gemcitabine
postoperatively does not offer better results in the relapse-free survival of the disease. We
have to highlight though the differences between these studies, which may have had a
crucial role in this outcome.

Andreas Böhle and his colleagues (2009) conducted a study in which 355 patients were
included with histologically confirmed: NMIBC, Ta/T1, G1–3 tumor (Grade 1: 123, Grade
2: 97, Grade 3: 27, grade unknown: 6, not eligible: 80). Out of 355 patients, 78 received a
second TUR after the first resection and intravesical therapy. On the other hand, patients
in the study performed by Messing et al. did not follow any other treatment after the
initial protocol. This second surgery may have changed the postoperative free survival and
recurrence of the disease in this group of patients that took part in our research. As there
are no data in the literature about the difference between the therapeutical bundle of two
TUR and the instillation of gemcitabine or saline, the results from this group of patients
have to be taken into consideration.

In the Messing et al. study, 416 patients were included on the basis of tumor appear-
ance that was estimated during office cystoscopy. From this group, 406 were included in the
study while 10 did not meet the eligibility criteria. Not all patients from the eligible group
that underwent both TUR and instillation stayed at the hospital for 24 h. This means that
these patients did not receive any bladder irrigation with saline solution. Patients that took
part in the second research protocol were subjected to continuous irrigation with saline
for 20 h. Multiple research protocols and meta-analyses have concluded that intravesical
irrigation of the urinary bladder with saline for 24 h can decrease the spread of cancer and
increase the post-operative free survival of the patient.

It is also worth mentioning that not all chemotherapy agents have been tested using
the same parameters, for example, measuring their efficacy with a control group of patients
undergoing going continuous intravesical saline irrigation, so we cannot compare the
results between other agents and gemcitabine. For example, a study performed by Sugiura
Shimpei et al. in 2018 [60] for the Kyoto University included 256 intermediate- and high-
risks patients that underwent a single postoperative instillation followed by a BCG regimen,
showing a 80.3% progression-free survival rating opposed to 64.5% from the group that
only followed the BCG instillation regimen during the follow-up cystoscopy checkups
in a period of 5 years. Although the number of patients is small, the results shown
were promising.

Gemcitabine is a toxic chemical derivative whose cytotoxic properties can be used
for the eradication of cancer cells from the bladder, thus prolonging the overall survival
of a patient. Despite the therapeutical factor of gemcitabine, its prolonged stay in the
bladder for more than two hours can cause chemical cystitis or other complications. Al-
though the therapeutical window for gemcitabine is one hour, Andreas Böhle’s research
team instilled the bladder with gemcitabine for 30–40 min. According to literature, this
chemotherapeutical drug should remain in the bladder for at least one hour. This lets us
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conclude that a large fraction of the patients that took part in this meta-analysis did not
follow the time protocol for gemcitabine. Nonetheless, in the two studies included, there
were minimal adverse reactions to gemcitabine intravesical infusion, with no grade 4 or
5 adverse effects and similar rates of grade 3 adverse effects in the treatment and placebo
groups to the studies of Messing et al. [58] and in Böhle et al. [59], wherein the rates of
adverse effects for gemcitabine were 6.6% and 3.7% in the placebo group, respectively. This
finding contributes to the findings of Addeo et al. [61], who demonstrated that gemcitabine
has a lower toxicity than mitomycin C. Moreover, in the UK, the cost difference between
gemcitabine and mitomycin according to the British National Formulary is minimal: a
2 g/200 mL infusion bag of gemcitabine costing GBP 180 and 40 mg of mitomycin powder
solvent costing GBP 135 [62,63].

Another point that has to be highlighted is the surgical experience of the surgeons
that performed these TURs. In our meta-analysis, the number of patients that were led to
the operating room for the resection of their bladder tumor was 738 people. The majority
of them were operated by a different practitioner. This logical syllogism adds two more
variables that may explain our negative results. The first of those two is that the surgical
ability and experience of a surgeon can neither be measured nor compared. In theory,
a skilled and experienced surgeon will perform a better resection of a bladder tumor
compared to a young and less experienced practitioner. This is not always the case though.
In articles where the human variable of a third person (surgeon) plays such a critical role
that cannot be calculated, the results can be disputed. The second variable that has to
be assessed are the circumstances under which these operations were performed. We
have no information about the health units that these operations were carried out. A well-
organized hospital as well as a technologically improved unit may offer better therapeutical
options for the surgeon, which may have a positive effect in the operating table and the
oncological result.

In David Nigel Poller’s et al. report [64], a model for “assessment of errors and diag-
nostic accuracy in histopathology and cytopathology” was introduced. This study aimed to
create a standardized method for the investigation of errors during histopathological prac-
tice. The variables included in this method were failure of communication, complacency,
lack of knowledge, distractions, lack of teamwork, fatigue, lack of resources, pressure,
lack of assertiveness, stress, norms, and lack of awareness. This report helps us to realize
the factors that may contribute to a false staging during a histopathological assessment.
As mentioned above, the human factor of a single person may have a crucial role in the
postoperative free survival of a patient.

Our meta-analysis has some limitations. Although the number of records enrolled
through the database search at the beginning was 71, those that took part in quantitative
synthesis were two. This means that by having such a small number of patients partici-
pating in our record, we cannot be sure about the diversity of our results. On the other
hand, this should be the reason for new research teams to help us conclude about the use of
gemcitabine after TUR-BT in the general population. Although our meta-analysis showed
a pooled hazard ratio of 0.78 leading to a negative result, the differences in medical practice
from the two major records that we used may have had a major impact to our results.

Another limitation in our study is that no anatomical or morphological details of the
tumor that was resected from these patients was described in the records that we used.
This factor can affect subsequent tumor progression.

The third limitation is that there was not a central pathology review. This means that
pathologists of varying levels of experience and training reviewed cases of the patients that
we enrolled. As mentioned above, this plethora of medical practitioners adds the human
factor in the equation.

Finally, this systematic review and meta-analysis was performed without a pre-written
and published study protocol. This is another limitation that may have introduced selection
bias. Nonetheless, this is considered unlikely as the PICO criteria used to include or exclude
studies were very well defined before the process of literature search began.
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5. Conclusions

This study was a systematic review and meta-analysis on the outcomes of single, post-
TUR adjuvant intravesical administration of gemcitabine for the treatment of NMIBC. Our
analysis ultimately included two studies with a total number of 654 patients and showed
that this therapeutic strategy does not offer a significant benefit to patients with NMIBC in
terms of recurrence rate. Nonetheless, on the basis of the generally favorable prognosis of
these patients and the various therapeutic agents and schemes available, further studies on
the same subject are required to establish the optimal adjuvant therapy in this category of
patients to achieve a better clinical outcome.
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