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1. Abbreviations
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UTuUC
UBC
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CIS
FAP
PAMP
IL

TNF
INF

NK cells
TRAIL
HNPCC
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TNM classification
MDCTU
FISH
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LG
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CKD
ESRF
SuU
MMC
VUR
RU
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3. Abstract

This literature review will discuss and examine bacillus Calmuette-Guerin (BCG) therapy,

it’s history, mechanism and how it relates to the treatment of upper urothelial carcinoma. The

information collected in this review should aid in the understanding of upper urothelial

carcinoma as well as BCG therapy and how BCG therapy should be applied in the treatment

of upper urothelial carcinoma.



4. Introduction

Urothelial carcinomas (UC) are the sixth most common tumors in developed countries.! They
can be located in the lower (bladder and urethra) and/or the upper (pyelocaliceal cavities and
ureter) urinary tract (UT).2 Upper urinary tract urothelial carcinomas (UTUC) are uncommon
and account for only 5-10% of UCs. Furthermore, the annual incidence in Western countries
is approximately one or two new cases per 100,000 inhabitants.! Comparatively, urothelial
carcinoma of the bladder (UBC) therefore accounts for 90-95% of UCs. Due to UTUCs
significantly lower incidence, much of the treatment parameters have been adjusted to its
Bladder counterpart, with only one major urological organization the European Association
of Urology (EAU) having released treatment guidelines regarding UTUCs.? Whereas other
acknowledged institutions have only mentioned UTUC management as a subset of bladder

cancer guidelines. 3

Radical nephroureterectomy (RNU), which was first described in 1934 has long been the gold
standard when it comes to treatment of UTUCs.# In recent years, kidney-sparing approaches
have found more popularity in order to retain renal function and to hinder long-term
complications that are related to chronic kidney disease. Kidney-sparing surgery (KSS) is
now indicated in patients with low grade cancer. The recurrence rate of patients treated with
KSS ranges between 15-90%. ° As a result, a similar approach in treatment as in UBCs has
been proposed, in which adjuvant endocavitary instillations are to be installed in patients
treated with KSS, with the aim at halting the progression of low risk papillary UTUCs and to
treat patients with upper tract carcinoma in situ (CIS). The perfusion of the upper urinary
tract can occur with the use of chemotherapeutic agents (mitomycin C, epirubin and thiopeta)
and immunotherapeutic agents (bacillus Calmette-Guerin and interferon).® Currently, bacillus
Calmette-Guerin is the most used perfusion agent regarding CIS.” Hence, the efficacy of
endocavitary installations regarding CIS as well as in treatment of high-risk non-muscle
invasive tumors of the bladder in the adjuvant setting has been settled. However, its efficacy

regarding the adjuvant treatment of UTUC: is still considered debatable.

This comprehensive review will look to outline BCG therapy as well as discuss the disease of

upper urinary carcinoma and how BCG therapy is related to its treatment.



5. BCG Therapy

5.1.History
Albert Calmette and Camille Guerin first discovered bacillus Calmette-Guerin at the Pasteur

institute in 1921 through culturing Mycobacterium bovis in bile potato medium for over 10
years.® Primarily, it is known for its use in the protection from tuberculosis as a vaccine. °
Following the creation of the BCG vaccine, studies pertaining information about an inverse
relation between cancer and tuberculosis. 1° In 1969, was when Mathe et al. first reported
positive effects of BCG in the treatment of acute lymphocytic leukemia.! Followed by the
first report of Morales et al. in 1976 of success in BCG therapy for Bladder Cancer.*?
Currently it is the gold standard in adjuvant treatment of non-muscular invasive bladder
cancer in the high-risk category.® Whereas the first reported usage of BCG perfusion in for

upper tract carcinoma in situ by Herr et al. was in 1985.4
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Figure 1. Proposed mechanism of BCG interaction with urothelial and/or
bladder cancer cells 15

5.2.Mechanism of BCG
Several possible mechanisms have been linked regarding the interaction between BCG with

urothelial and bladder cancer cells.’®> However, to date the complete mechanism hasn’t yet
been fully explained. Kawai et al., amongst others, suggests a scheme to gain understanding
of the mechanism of these complex pathways, which are: infection of the urothelial and/or
bladder cells, the induction of the innate immune response as well as the introduction of anti-
tumor effects. It is expected that with increased research overtime, our knowledge of these

principle will further illustrate the multifactorial ways in which BCG acts.



5.2.1. Infection of the urothelial and/or bladder cells

For any interaction between the BCG and the urothelium, instillation of the BCG is the
obvious first step. Once instilled into the bladder, BCG can attach to the cell surface of both
normal and cancerous urothelial cells. The mycobacterial fibronectin attachment proteins
(FAPs) of the BCG cell wall surface host the urothelial fibronectin, which then attaches to the
urothelial cells via the integrin a.5p1.161718 The subsequent internalization of the BCG into the
cancerous cells has been proven to be a paramount step in the immune response that follows.
This was confirmed in experiments using an anti-fibronectin antibody. This antibody
inhibited the antitumor effect of BCG. °

5.2.2. Induction of immune response

As with any kind of infection, our bodies stimulate a local immune response in conjunction
with the infiltration of the urothelial cells by BCG. This is stimulated by the
reticuloendothelial system. Cells that are included in this process are for instance
macrophages, granulocytes, and T-helper cells. In urothelial tumor cells, BCG also escalates
the surface expression of major histocompatibility complex class I1. 2° As such, BCG acts as
a pathogen-associated molecule pattern (PAMP) to induce pattern recognition receptors
(PRR) on various cells. These include cells such as the antigen-presenting cells of
macrophages or dendritic cells, as well as urothelial cancer cells.?! It is believed that through
this reaction, not only the cells of our own body immunity are responsible for the immune

response, but also the cancer cells that have been infected with BCG play an important role.

Through urine analysis post instillation and administration, it has been shown that several
cytokines are involved in this immune reaction such as interleukin (IL)-1, IL-2, IL-6, IL-8,
IL-10, IL-12, tumor necrosis factor (TNF) and interferon (IFN). 22 Not all these cytokines are
elicited immediately after the first dose but could also be present later over the course of the
treatment. Recently, IL-17 has been shown to be critically involved in the recruitment of

neutrophils as it relates to the bladder. Neutrophils are essential to the antitumor effect. 2

5.2.3. Antitumor effects

It is well documented that T cells mediate the anti-tumor effects of BCG. In addition, CD4+
T cells and CD8+ cytotoxic lymphocytes mediated by Th1 or acquired immunity produce this
effect. Contributing to the anti-tumor effects of the acquired immunity is the innate immunity



that is mediated by Th2 part of the immune system. Mice deficient in natural killer (NK) cells

or given the antibody did not respond to BCG treatment.?*

Neutrophils are the most common component found in urine post BCG treatment.
Neutrophils can phagocytose and degranulate cancer cells, thus killing them. Furthermore,
when stimulated by BCG the neutrophils can release tumor necrosis factor related apoptotic
ligand (TRAIL), which plays a significant role in tumor cell apoptosis. Also, macrophages
play a part in the BCG induced anti-tumor cascade. They seemingly have a role in both the

presentation of cells to the adaptive immunity and the direct apoptosis of cancer cells. 2

5.3.Summary of action
In short, BCG works by infecting urothelial/bladder tumor cells, causing more antigen-
presenting molecules to surface. This triggers an immune response mediated by the release of
cytokines. Both Th1 and Th2 cytokines are involved in this process, as well as IL-8 and IL-
17. As a result of the immune response, anti-tumor effects are initiated and controlled by NK

cells, neutrophils, macrophages and cytotoxic T lymphocytes.



6. Upper Urothelial Carcinoma

6.1. Epidemiology
When looking at gender prevalence, UTUC is three times likelier to appear in men than in
women. It has a peak incidence in the age of 70-90 years of age. When looking at the
anatomical positioning of the malignancies then the renal pelvis UTUCs occur almost double
the time that they are found in the ureter. 26 In relation to its lower counterpart where only 15-
25% of the bladder cancers that are found are classified as invasive, in UTUC 60% are

invasive.

When looking at risk factors for UTUCSs, these are somewhat similar to UBCs such as
smoking cigarettes and exposure to carcinogenic aromatic amines. > However, there are also

some risk factors solely associated with UTUCSs such as:

6.1.1. Arsenic

As stated previously the prevalence for UTUC is dominated by men. However, in the
Blackfoot disease-endemic areas in southwest coastal region of Taiwan, ratio is 1:2 male to
female. Due to the water being contaminated with arsenic and the higher exposure of women
to arsenic fumes whilst cooking could be indication as to why this might be. This might be

both through either ingestion of food or through inhalation of steam.?®

6.1.2. Hereditary Nonpolyposis Colorectal Cancer (HNPCC, Lynch
Syndrome)

Lynch syndrome a disease that debilitates DNA mismatch repair. It has a strong association
to cancers of the colon as well as with ovarian, gastric, endometrial and urothelial cancers in
the upper region. It is an autosomal dominant disease. Koornstra et al., has examined the
prevalence of patients with Lynch syndrome and their subsequent development of UTUC. He
has graded the chances as 22 times higher of developing UTUC with a known history of
Lynch syndrome.?° It has now become standard to screen patients with a high risk for Lynch
syndrome and to send them to get DNA sequencing for themselves as well as family

members. 2



6.1.3. Balkan endemic and chinese herb nephropathy

Both these diseases have similar characteristics and have been linked to the same common
thread, dietary exposure to aristolochic acid (AA), which can be found in Aristolochic plants
(fangchi and clematis). Aristolactam-DNA is deposited in the kidney in balkan endemic
nephropathy, which might explain the correlation to UTUC and not to Bladder cancer. The
UTUC:s that have a relation to AA exposure are usually low grade and bilateral in comparison
to those not associated with it. 3 Whereas Chinese herb nephropathy leads to a renal fibrosis
of a progressive magnitude that then creates a UTUC. Generally, AA exposure has resulted in

poorer outcomes in UTUC patients. !

6.2.Staging and risk classification
Staging of UTUC occurs according to the tumor, node, metastasis (TNM) classification. 2 For
T stage, the degree of invasion into the ureteral wall is critical. Its lower counterpart is graded
similarly, and while this seems to work regarding UBCs, there are inherent issues associated
with the staging of UTUCSs. One of the biggest challenges in patient care for UTUCs is
accurate grading due to the anatomic nature of the ureter and kidneys. In order to obtain the
best possible assessment for UTUC one shall use a combination of imaging, biopsy tissue

grade and urine cytology.

Table1 T stage of renal pelvic and ureteral malignant tumors

Tx Primary tumor cannot be assessed

Ta Non-invasive papillary carcinoma

Tis Carcinoma in situ

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades muscularis

T3 (Renal pelvis) Tumor invades beyond muscularis into peripelvic fat or renal
parenchyma

(Ureter) Tumor invades beyond muscularis into periureteric fat

T4 Tumor invades adjacent organs or through the kidney into perinephric fat

10



6.2.1. Imaging

Multidetector computed tomography urography (MDCTU) is regarded as the imaging of
choice for UTUC, as it has been proven to have the highest specificity and sensitivity of over
90 percent.®? If contraindicated, MRI urography can be used as a substitute. Both specificity
and sensitivity do decrease the smaller the findings are, which is why often enough flat
lesions are missed completely. 2 CT Urography works in three phases, these include a non-
contrast phase, a contrast-enhanced nephrographic as well as an excretory (delayed) phase. In
order to fully evaluate the state of the urinary tract malignancy all phases are essential in fully
visualizing the anatomy of the patient. Lymph node detection is a struggle with both types of
imaging, this is problematic as enlarged lymph nodes are a highly predictive indicator of
metastasis.3 In order to better evaluate the patient perioperatively, recent use of 18 F-
Fluorodeoxglucose position emission tomography/computed tomography has garnered rates
of 82 and 84 percent for sensitivity and specificity respectively regarding nodal metastasis.3*
Also, the finding of hydronephrosis has been associated with poorer outcomes in ureteral

tumor, but not for pyelocaliceal tumors.

6.2.2. Diagnostic ureteroscopy and biopsy sampling

Flexible ureteroscopy provides a means to visualize the ureter, renal pelvis as well as the
collecting system and to biopsy any suspicious tissue.? The acquisition of biopsies is essential
when it comes to pathological differentiation, grading and staging. Unfortunately, there are
limitations in obtaining adequate biopsies via ureteroscopy, which it makes it substantially
more difficult to obtain an adequate assessment of the depth of the tumor infiltration.®
However, they are useful in applying a histological tumor grade but around 25% of samples
turn out to have no diagnostic value.3” Under or over grading can have an extremely
detrimental effect on patient care and adequate choice of procedure as well as oncologic
outcome with 50% of patients being reclassified at some point from non-invasive or low
grade UTUC to a high grade stage of disease.® If for instance kidney sparing measurements
are chosen initially, this might lead to extreme follow up measures for a under graded

patient.?

6.2.3. Cytology
In UBCs, cytology is far more sensitive regarding clinical diagnosis then it is for UTUC. It

can indicate high grade UTUC but only in the absence of any abnormalities in the bladder
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and the prostatic urethra. It has been shown to be an insensitive prognostic tool. 3 If collected
in a sufficient manner, barbotage cytology, has been shown to increase the accuracy to up to
91%.° Barbotage cytology is a procedure in which bladder washing is performed, this is
procedure is done by irrigating the bladder with a fixative solution or saline. Molecular
markers such fluorescence in situ hybridization (FISH) have shown a sensitivity of just 50%,

which is why their clinical use remains questionable.*

6.2.4. Histological grading

Inherently the associations between UTUC and its counterpart in the bladder lead to
similarities in classification and morphology. 2 In 1973, the World Health Organization
(WHO) published a classification that separated papillary tumors into Grade 1, Grade 2 and
Grade 3 tumors. However, this classification was replaced by the WHO in 2004 in which
noninvasive urothelial tumors are categorized as flat and papillary. With papillary lesions
being further divided into non-invasive papillary carcinoma low grade (LG) and high grade
(HG). B

6.2.4.1. Flat lesions/Urothelial carcinoma in situ

Carcinoma that doesn’t exhibit papillary features is called urothelial carcinoma in situ and is
defined as high grade. It can be of differing thickness but will contain cytologically malignant
cells. On histopathology, it presents with large pleomorphic cells that have hyperchromatic
nuclei with one or more irregular nucleoli. It is sufficient to identify the presence of isolated

malignant cells to confirm a diagnosis of CIS.

6.2.4.2. Non-invasive papillary urothelial carcinoma (Ta)

Papillary urothelial carcinomas are defined as papillary neoplastic proliferations that exhibit
certain variance of cytological and architectural disorder, with no invasion beyond the
basement membrane, as such being Ta. These are subdivided into non-invasive papillary
urothelial carcinoma low grade and high grade. They are defined as exhibiting features such
as thin fibrovascular cores that are covered in neoplastic urothelium of varying thickness. The
current approach in grading the tumor is based on evaluation of the highest-grade component,
with some authors advocating for 5% as a cut-off point.*? In LG papillary urothelial

carcinoma, the lesions have delicate papillae with extensive branching. Whereas, in HG the

12



papillae might in fact be fused. In LG there is some loss of polarity as well as mild nuclear

irregularity and pleomorphism. However, in HG, cellular disorder, irregular and pleomorphic

nuclei are visible at low magnifications.

6.2.5. Risk Evaluation

Given the current set of guidelines, risk management is still a controversial endeavor. In order

to treat a patient accordingly, a proper outline of possible risks based on treatment options

needs to be evaluated. According to the current EAU guidelines, the risk stratification is

based on clinical and pathological features that separate tumors into low risk and high risk. In

order to be classified as low or high-risk patients they would need to exhibit the following

factors (shown in Table 2):

Table 2 Risk stratification of UTUC

Low risk High-risk
Unifocal disease Multifocal disease
Tumor size <2cm Tumor size >2cm

Low-grade cytology High-grade cytology

Low-grade ureteroscopic biopsy High-grade ureteroscopic biopsy

) ] Previous radical cystectomy for bladder
No invasion on CTU Y y
cancer
Variant Histology

Hydronephrosis

Despite the evaluative process of the diagnostic measures for UTUC being quite extensive,
the system still lacks accuracy and provides clinicians with challenges when it comes to
appropriately managing their patients’ outcomes. With time and further developments, one
can be hopeful that this might be improved in the future.

13



7. Disease management of low risk UTUC

7.1.Kidney sparing surgery (KSS)
Radical nephroureterectomy (RNU) with bladder cuff excision has long been the gold
standard in patients with UTUC. 2 Even though the rates that have been reported about 5-
year-recurence-free (69%) and cancer-specific survival (73%) are reasonable, there are
extreme consequences to performing this type of procedure.*® Post RNU, the nephron mass
will be reduced by 50 percent or even more, this depends on whether there is a predisposition
towards chronic kidney disease (CKD) or even end-stage renal failure (ESRF). Not even
looking at the financial aspects of requiring lifelong hemodialysis, ESRF as well as CKD
increase the risk of cardiovascular issues and mortality.** Research has now shown that
kidney sparing management can have comparable outcomes to RNU if the patients are
correctly selected. Initially utilized in patients with indications such as solitary kidney,
bilateral disease or coexisting morbidity, which made RNU impossible. Nowadays, according
to the EAU guidelines, KSS is recommended as the first-line treatment approach in patients
presenting with low-risk disease as well as patients with serious CKD and solitary kidney.?
Although a KSS approach can be beneficial to the patient, one must always be cautious due
to the high risk of under staging the disease. Therefore, when choosing this treatment
modality, patients must be warned about and be willing to adhere to a strict follow-up
schedule that includes regular upper tract imaging, flexible cystoscopy, urine cytology, and
ureteroscopy. Recommended approaches for KSS include endoscopic ablation via
ureteroscopy or percutaneous access, segmental ureterectomy, and possible endocavitary

instillations via BCG or chemotherapeutic agents.

7.1.1. Endoscopic management

Recently, as technology has improved, the retrograde approach via ureteroscopy has become
more common because flexible scopes provide good distal tip deflection.*> For tumors of the
lower caliceal system where flexible ureteroscopy cannot reach the tumors, the antegrade
approach is still used through a percutaneous approach. Furthermore, the antegrade approach
provides the ability to clear larger tumor volumes but also increases the risk of tumor
seeding.*® Unfortunately, due to the nature of these approaches, there remains a big risk of

under staging and under grading of this disease.

14



7.1.2. Segmental ureterectomy

The approach via segmental ureterectomy (SU) differs from RNU by preserving renal
function in patients presenting with low-risk disease and provides similar oncological results.
In comparison to its endoscopic counterpart, SU can provide complete tumor removal and
lymphadenectomy can be performed. As suggested by the guidelines, complete distal
ureterectomy with ureteroneocystostomy is recommended in patients with low-risk tumors in
the distal ureter for whom endoscopic management is not an option and KSS in necessary.*?
The failure rates for the segmental resection of the upper and mid ureter are higher than that

in the distal ureter.?
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8. BCG Therapy for UTUC

The high recurrence rates in UTUC caused an extrapolation regarding the adjuvant therapy of
UBC treatment. Intracavitary instillations have been described since the 1980s with the use of
several different agents such as bacillus Calmette-Guerin (BCG) and mitomycin C (MMC)
being the most common ones. However, in UBC these instillations have been made part of
the guideline, whereas in UTUC not enough evidence has been found to support a definitive
inclusion in the EAU guidelines.? The controversy regarding these treatments lies in the mode

of administration as well the clinical efficacy.

8.1. Types of instillations
Current literature suggests three types of instillations for access to the upper urinary tract —
antegrade perfusion via a percutaneous nephrostomy tube,*’ retrograde perfusion via an open-
ended ureteric catheter, “8 or intravesical administration with vesicoureteral reflux via an

indwelling ureteric stent. 4°

8.1.1. Antegrade perfusion via a percutaneous nephrostomy tube

Under ultrasound control, a 9F percutaneous nephrostomy tube would be inserted into the
patient under local anesthesia. Between subsequent treatment sessions with BCG the catheter
would remain closed. The perfusion would be performed for a period of two hours. Before
each BCG perfusion unobstructed flow from the renal pelvis to the ileal conduit or bladder
was confirmed and pyelovenous or pyelolymphatic backflow was excluded under
fluoroscopy.* Furthermore, BCG therapy would only be started in absence of

macrohematuria. This scheme can be observed below in Figure 2.

3 vials of BCG in rJZTBJi 2h
150 ml NaCl 0.9% k LN'\ /
\._J \
\ /

20 cm ) (/
A/ ——

Figure 2 - Scheme of antegrade perfusion of the Upper urinary tract with bacillus Calmette-Guerin
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During the insertion of the nephrostomy tube there is a certain risk associated with missing
the calyxes if the BCG solution, then flows into the ureter. Furthermore, it is believed that
due to the nephrostomy tube having to stay in place for six weeks there is a higher risk in

tumor seeding.

8.1.2. Retrograde perfusion via an open-ended ureteric catheter

In this approach, a 5F open-ended urethral catheter is inserted and is placed over a wire into
the renal pelvis. If necessary, retrograde pyelography is performed to confirm the positioning
of the catheter. After the infusion with BCG the catheter is removed, and the patient is
advised to void within 1 hour.*® Retrograde approach can be dangerous due to possible

ureteric obstruction and consecutive pyelovenous influx during instillation/perfusion.?

8.1.3. Intravesical administration with vesicoureteral reflux via an

indwelling ureteric stent
In this scenario, a retrograde approach is also intended via vesicoureteral reflux (VUR),

which is induced by a Double-J stent. Here a stent would be inserted retrogradely and left
indwelling until the completion of the BCG treatment. The intravesical instillation of BCG
was performed with the patient in the Trendelenburg position, held in position for 15 to 30
minutes, and voided 30 minutes to 2 hours after instillation. BCG instillation was scheduled
at weekly intervals for a total of 6 weeks. After a course of BCG therapy, voided urine
cytology was examined every month for the first 6 months and then every 3 months.>! The
problem with this approach is that the VUR wasn’t achieved in a lot of the cases.
Yossepowitch et al showed that only 59% of patients achieved reflux with the use of ureteric

stents.>?

8.2.BCG for Carcinoma in Situ
Instillation of topical therapy in carcinoma in situ (CIS) has shown considerably better results
than in the adjuvant setting regarding Ta/T1 disease following KSS. In table 3 below the
studies that summarize the efficacy regarding the use of BCG for CIS are shown. Most of the
studies opted for a retrograde approach via an open-ended ureteric catheter or an indwelling

ureteric stent. In them a total of 211 patients are treated using either an antegrade or
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retrograde approach. Of these patients 71 (34%) experienced a UT recurrence whereas 37
(18%) had a UT progression.

Table 3

Study

Sharpe, 1993 53
Yokogi, 1996 >
Nonomura, 2000 %°
Okubo, 2001 %
Miyake, 2002 °7
Hayashida, 2004 58
Kojima, 2006 °°
Giannarini, 2011
Shapiro, 2012 &1
Anan, 2013 62
Horiguchi, 2018 5*
Tomisaki, 2018 &

urothelial tract

Participants

11

11
11
16
10
11
42
11

38
41

Scheme

Retrograde

Both
Retrograde
Retrograde

Both

Both
Retrograde
Antegrade
Retrograde
Retrograde
Retrograde
Retrograde

8.3.BCG for Ta/T1 Upper Tract Carcinoma

In the adjuvant setting, four studies were chosen and summarized below in Table 4. In total

UT recurrence (%)

2(18)
2(40)
3(27)
6(55)
3(19)
5(50)
3(27)
14(38)
1(11)
1(11)
17(45)
14(34)

Recurrence and progression rates of BCG therapy for CIS of upper

UT progression
(%)
2(18)
1 (20)
3(27)
4(36)
2(13)
3(30)
2(18)
2(5)
0(0)
0(0)
9(24)
9(22)

there were a total of 97 patients treated with BCG with only Patel et al. choosing to treat via a

retrograde approach and all the others administering the BCG through a percutaneous

nephrostomy tube. Here the recurrence rates range from 15-61 percent with a total of 36

patients having a recurrence. Regarding the UT cancer specific survival, only 8 patients

succumbed to the disease despite the treatment.

Patel et al. investigated discovering new techniques for the instillation of adjuvant therapy in
UTUC. They treated a total of 17 renal units (RU) in a total of 13 patients, with all the

patients being staged as Ta whether G1 or G2. Clark et. al looked to determine the immediate

and long-term results of percutaneous management of UTUC regarding rates of tumor
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recurrence and preservation of renal function.  Of the patients treated in this study 12 had a
solitary kidney with one further being treated bilaterally. The follow up ranged from 1.7 to
75.5 months, resulting in 11 being alive and 6 patients having died of which 3 progressed to
metastatic transitional cell disease. Of the 13 patients suffering from solitary kidney only one

had progressed to requiring dialysis.

Table 4 Recurrence and progression rates of BCG therapy for

Ta/T1 Upper urinary Tract Carcinoma of Low

Study | Participants Scheme uT UT Cancer Median Stage
recurrence Specific Follow-up
(%)  Survival (%) (Months)
Patel, 1999 64 13 Retrograde 2(15) 13(100) 14.6 9/13
(G1pTa)
4/13
(G2pTa)
Clark, 1999 6° 16 Antegrade 5(31) 14(88) 20.5 15/18 (Ta)
Rastinehad, 50 Antegrade 18(36) 49(98) 61 | 27/50 (Low
2009 ©6 grade
23/39 (High
grade)
Giannarini, 22 Antegrade 11(61) 13(72) 42 Ta/Tl
2011 60

Rastinehad et. al is a study that attempted to determine whether there is an oncologic benefit
of adjuvant BCG therapy. In total they had looked at 89 tumors of which each 15, 45, 22, 4
and 3 were categorized into Tx, Ta, T1, T2 and T3 respectively. The indications that allowed
for the inclusion into the study for a nephron-sparing approach ranged from bilateral UTUC
in 3 patients, advanced age and other comorbidities in 17 patients, a solitary kidney in 23
patients and a further 46 patients treated electively. 68 The main principle of such treatment is
for cases of low to medium risk, however they conclude that it can also be beneficial
regarding high-grade cases for patients with solitary kidney, as they state an 80% renal
preservation rate for high-grade and 92% in patients with solitary kidney. Now what must be

kept in mind is that high-grade has poor prognosis regardless of treatment, however they state
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that endourologic management could delay the need for nephrectomy, dialysis and possible

kidney transplant.

Giannarini et al. is a study that looked at patients with both CIS and papillary disease, looking
at 37 patients with CIS as well as 18 patients with Ta/T1. Recurrence rates for were at 38%
whereas UT progression was measured at only 5%. In comparison, they showed that UT
recurrence in Ta/T1 was at 61%. Whilst this is only one study, these results are clearly more

favorable regarding BCG treatment in CIS when comparing to Ta/T1.
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9. Complications of BCG Therapy

When gathering data on complications that arise through adjuvant instillation a lot of the
studies present similar data. They report bladder irritability or irritative urinary symptoms in
all but one of the sampled studies. With numbers as high as 100 percent being reported in
Hayashida et al. about bladder irritation. Other symptoms that seem to have a recurrent
narrative are fever over 38 degrees celcius as well as transient hematuria being reported.
Whereas, Giannarini et al. reported only one case of fatal E. coli septicemia, most other

complications remained minor. Dependent on what type of instillation is used, the

Table 5 Summary of reports of complication in adjuvant therapies in UTUC
Study | Patients Follow up (mean in | Complications (% of
months) patients)
Sharpe, 1993 %3 | 11 49 Irritative urinary

symptoms (54.5%)
Transient hematuria
(27.3%)

Flank pain (9.1%)
Fever (9.1%)

Patel, 1999 % | 13 14.6 Infection (15.4%)
Infection with fever
1.7%

Miyake, 2002 °" | 16 30 Bladder irritability
(75%)
Fever >38C
(56.3%)

Hayashida, 2004 %8 | 10 50.9 Bladder irritation
100%
Fever >38 T 90%
Hematuria 20%
Hydronephrosis 20%
Lumbago 10%

complications may vary regarding which placement is used to administer the treatment. The
studies observed here are only the ones that deal with BCG instillation, however there are

also studies concerned with MMC which report differing complications.
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10. Discussion

Ever since 1934 when radical nephroureterectomy was first established, it has been the gold
standard treatment regarding UTUCs. However, with the progression of time we have
discovered that in certain low-risk case kidney sparing approaches can have similar results
with better outcomes regarding the patient’s quality of life and kidney function. Now we
know that this has been established regarding the treatment of UTUCs. On the other hand, the
role of intravesical therapy whether it be by BCG or chemotherapy is still debatable. In
contrast to UBCs where adjuvant therapy has long been a part of the standard of care. The
treatment of UTUCSs with intravesical still remains problematic due to the anatomical
difficulties that are provided by this region in our body. Whereas the bladder is a hollow

organ which is easily perfused, the renal pelvis and ureter are not as easily accessible.

Since the first application of adjuvant BCG therapy for UTUC in 1985, studies have been
proposed with either the curative intent for CIS or adjuvant intent for papillary Ta/T1 stage of
the disease. The problem that we are facing here is that most available evidence is concerning
the treatment of CIS, however, there have been no randomized controlled trials that have
been conducted. Moreover, CIS is a topic that seems to have different criteria set by most

studies and is shown to be hard to stage properly.

When looking at BCG therapy regarding Ta/T1 staged diseases, as seen in Table 4, there
aren’t many studies discussing it. Due to the fact, that it is a relatively rare disease as well as
most research being shifted towards the application for CIS as it has seemingly better results

regarding this type of therapy.

11. Conclusion
In this literature review, a comprehensive investigation into the current views and studies

regarding the treatment of UTUC with BCG therapy was presented. When comparing most
papers, one could claim that as of today the progression and recurrence rates don’t provide
sufficient evidence that the use of adjuvant therapy is as beneficial as it is in UBC for
example. It is reasonable to believe that in the future with medical advancement being
achieved regularly, that new ways to administer the drugs will improve its efficacy, which

could lead to greater results in treating UTUC in an adjuvant manner.

22



12. Literature

! Cancer Statistics, 2021 - Siegel - 2021 - CA: A Cancer Journal for Clinicians - Wiley Online
Library [Internet]. [cited 2023 Apr 25]. Available from:
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21654

2 Rouprét M, Babjuk M, Burger M, Capoun O, Cohen D, Compérat EM, et al. European
Association of Urology Guidelines on Upper Urinary Tract Urothelial Carcinoma: 2020
Update. Eur Urol. 2021 Jan;79(1):62-79.

3 National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology (NCCN
Guide- lines®): Bladder Cancer V.3.2022.

4 Kimball FN, Ferris HW. Papillomatous Tumor of the Renal Pelvis Associated with Similar
Tumors of the Ureter and Bladder. Review of Literature and Report of Two Cases11Read at
the thirtieth annual meeting of the American Urological Association, Chicago, Ill., June,
1933. The Journal of Urology. 1934 Mar 1;31(3):257-304.

5 Seisen T, Colin P, Rouprét M. Risk-adapted strategy for the kidney-sparing management of
upper tract tumours. Nat Rev Urol. 2015 Mar;12(3):155-66.

® O’Donoghue JP, Crew JP. Adjuvant topical treatment of upper urinary tract urothelial
tumours. BJU International. 2004;94(4):483-5.

" Redrow GP, Guo CC, Brausi MA, Coleman JA, Fernandez MI, Kassouf W, et al. Upper
Urinary Tract Carcinoma In Situ: Current Knowledge, Future Direction. The Journal of
Urology. 2017 Feb 1;197(2):287-95.

8Trunz BB, Fine P, Dye C. Effect of BCG vaccination on childhood tuberculous meningitis
and miliary tuberculosis worldwide: a meta-analysis and assessment of cost-effectiveness.
The Lancet. 2006 Apr 8;367(9517):1173-80.

9 Roy A, Eisenhut M, Harris R, Rodrigues L, Sridhar S, Habermann S, et al. Effect of BCG
vaccination against Mycobacterium tuberculosis infection in children: Systematic review and
meta-analysis. BMJ (Clinical research ed). 2014 Aug 5;349:94643.

10 Pearl R. On the Pathological Relations Between Cancer and Tuberculosis. Proceedings of
the Society for Experimental Biology and Medicine. 1928;26(1):73-75.
d0i:10.3181/00379727-26-4143

1 Mathé G, Pouillart P, Lapeyraque F. Active immunotherapy of L1210 leukaemia applied
after the graft of tumour cells. Br J Cancer. 1969 Dec;23(4):814-24.

23


https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21654

12 Morales A, Eidinger D, Bruce AW. Intracavitary Bacillus Calmette-Guerin in the treatment
of superficial bladder tumors. J Urol. 1976 Aug;116(2):180-3.

13 Babjuk M, Burger M, Capoun O, Cohen D, Compérat EM, Dominguez Escrig JL, et al.
European Association of Urology Guidelines on Non—-muscle-invasive Bladder Cancer (Ta,
T1, and Carcinoma in Situ). European Urology. 2022 Jan 1;81(1):75-94.

14 Herr HW. Durable response of a carcinoma in situ of the renal pelvis to topical bacillus
Calmette-Guerin. J Urol. 1985 Sep;134(3):531-2.

15 Redelman-Sidi G, Glickman MS, Bochner BH. The mechanism of action of BCG therapy
for bladder cancer--a current perspective. Nat Rev Urol. 2014 Mar;11(3):153-62.

16 Ratliff TL, Palmer JO, McGarr JA, Brown EJ. Intravesical Bacillus Calmette-Guérin
therapy for murine bladder tumors: initiation of the response by fibronectin-mediated
attachment of Bacillus Calmette-Guérin. Cancer Res. 1987 Apr 1;47(7):1762—6.

17 Zhao W, Schorey JS, Bong-Mastek M, Ritchey J, Brown EJ, Ratliff TL. Role of a bacillus
Calmette-Guérin fibronectin attachment protein in BCG-induced antitumor activity. IntJ
Cancer. 2000 Apr 1;86(1):83-8.

18 Coplen DE, Brown EJ, McGarr J, Ratliff TL. Characterization of fibronectin attachment by
a human transitional cell carcinoma line, T24. J Urol. 1991 Jun;145(6):1312-5.

19 Kavoussi LR, Brown EJ, Ritchey JK, Ratliff TL. Fibronectin-mediated Calmette-Guerin
bacillus attachment to murine bladder mucosa. Requirement for the expression of an
antitumor response. J Clin Invest. 1990 Jan;85(1):62—7.

20 |keda N, Toida I, lwasaki A, Kawai K, Akaza H. Surface antigen expression on bladder
tumor cells induced by bacillus Calmette-Guérin (BCG): A role of BCG internalization into
tumor cells. Int J Urol. 2002 Jan;9(1):29-35.

21 Moriwaki Y, Begum NA, Kobayashi M, Matsumoto M, Toyoshima K, Seya T.
Mycobacterium bovis Bacillus Calmette-Guerin and its cell wall complex induce a novel
lysosomal membrane protein, SIMPLE, that bridges the missing link between
lipopolysaccharide and p53-inducible gene, LITAF(PIG7), and estrogen-inducible gene,
EET-1. J Biol Chem. 2001 Jun 22;276(25):23065—76.

22 Jackson AM, Alexandroff AB, Kelly RW, Skibinska A, Esuvaranathan K, Prescott S, et al.
Changes in urinary cytokines and soluble intercellular adhesion molecule-1 (ICAM-1) in
bladder cancer patients after bacillus Calmette-Guérin (BCG) immunotherapy. Clin Exp
Immunol. 1995 Mar;99(3):369—75.

24



23 Takeuchi A, Dejima T, Yamada H, Shibata K, Nakamura R, Eto M, et al. IL-17 production
by vd T cells is important for the antitumor effect of Mycobacterium bovis bacillus Calmette-
Gueérin treatment against bladder cancer. Eur J Immunol. 2011 Jan;41(1):246-51.

24 Brandau S, Riemensberger J, Jacobsen M, Kemp D, Zhao W, Zhao X, et al. NK cells are
essential for effective BCG immunotherapy. Int J Cancer. 2001 Jun 1;92(5):697-702.

25 Luo Y, Knudson MJ. Mycobacterium bovis bacillus Calmette-Guérin-induced macrophage

cytotoxicity against bladder cancer cells. Clin Dev Immunol. 2010;2010:357591.

26 Favaretto RL, Shariat SF, Chade DC, Godoy G, Adamy A, Kaag M, et al. The effect of
tumor location on prognosis in patients treated with radical nephroureterectomy at Memorial
Sloan-Kettering Cancer Center. Eur Urol. 2010 Oct;58(4):574-80.

27 Margulis V, Shariat SF, Matin SF, Kamat AM, Zigeuner R, Kikuchi E, et al. Outcomes of
radical nephroureterectomy: a series from the Upper Tract Urothelial Carcinoma
Collaboration. Cancer. 2009 Mar 15;115(6):1224-33.

28 Shao IH, Chang YH, Pang ST. Recent advances in upper tract urothelial carcinomas: From
bench to clinics. Int J Urol. 2019 Feb;26(2):148-59.

29 Koornstra JJ, Mourits MJ, Sijmons RH, Leliveld AM, Hollema H, Kleibeuker JH.
Management of extracolonic tumours in patients with Lynch syndrome. Lancet Oncol. 2009
Apr;10(4):400-8.

30 Dragicevic D, Djokic M, Pekmezovic T, Micic S, Hadzi-Djokic J, Vuksanovic A, et al.
Survival of patients with transitional cell carcinoma of the ureter and renal pelvis in Balkan
endemic nephropathy and non-endemic areas of Serbia. BJU Int. 2007 Jun;99(6):1357-62.

31 Zhong W, Zhang L, Ma J, Shao S, Lin R, Li X, et al. Impact of aristolochic acid exposure
on oncologic outcomes of upper tract urothelial carcinoma after radical nephroureterectomy.
OTT. 2017 Dec 5;10:5775-82.

32 Janisch F, Shariat SF, Baltzer P, Fajkovic H, Kimura S, lwata T, et al. Diagnostic
performance of multidetector computed tomographic (MDCTU) in upper tract urothelial
carcinoma (UTUC): a systematic review and meta-analysis. World J Urol. 2020
May;38(5):1165-75.

33 Verhoest G, Shariat SF, Chromecki TF, Raman JD, Margulis V, Novara G, et al. Predictive
factors of recurrence and survival of upper tract urothelial carcinomas. World J Urol. 2011
Aug;29(4):495-501.

25



34 Voskuilen CS, Schweitzer D, Jensen JB, Nielsen AM, Joniau S, Muilwijk T, et al.
Diagnostic Value of 18F-fluorodeoxyglucose Positron Emission Tomography with Computed
Tomography for Lymph Node Staging in Patients with Upper Tract Urothelial Carcinoma.
European urology oncology. 2020 Feb 1;3(1):73-9.

% Millan-Rodriguez F, Palou J, de la Torre-Holguera P, Vayreda-Martija JM, Villavicencio-
Mavrich H, Vicente-Rodriguez J. Conventional CT signs in staging transitional cell tumors of
the upper urinary tract. Eur Urol. 1999 Apr;35(4):318-22.

3 Mathieu R, Bensalah K, Lucca I, Mbeutcha A, Rouprét M, Shariat SF. Upper urinary tract
disease: what we know today and unmet needs. Transl Androl Urol. 2015 Jun;4(3):261-72.
37 Tavora F, Fajardo DA, Lee TK, Lotan T, Miller JS, Miyamoto H, et al. Small endoscopic
biopsies of the ureter and renal pelvis: pathologic pitfalls. Am J Surg Pathol. 2009
Oct;33(10):1540-6.

% Wang JK, Tollefson MK, Krambeck AE, Trost LW, Thompson RH. High rate of
pathologic upgrading at nephroureterectomy for upper tract urothelial carcinoma. Urology.
2012 Mar;79(3):615-9.

39 Messer J, Shariat SF, Brien JC, Herman MP, Ng CK, Scherr DS, et al. Urinary cytology
has a poor performance for predicting invasive or high-grade upper-tract urothelial
carcinoma. BJU Int. 2011 Sep;108(5):701-5.

40 Malm C, Grahn A, Jaremko G, Tribukait B, Brehmer M. Diagnostic accuracy of upper tract
urothelial carcinoma: how samples are collected matters. Scandinavian Journal of Urology.
2017 Mar 4;51(2):137-45.

41 McHale T, Ohori NP, Cieply KM, Sherer C, Bastacky SI. Comparison of urinary cytology
and fluorescence in situ hybridization in the detection of urothelial neoplasia: An analysis of
discordant results. Diagn Cytopathol. 2019 Apr;47(4):282-8.

42 Netto GJ, Amin MB, Berney DM, Compérat EM, Gill AJ, Hartmann A, et al. The 2022
World Health Organization Classification of Tumors of the Urinary System and Male Genital
Organs-Part B: Prostate and Urinary Tract Tumors. Eur Urol. 2022 Nov;82(5):469-82.

43 Brown GA, Busby JE, Wood CG, Pisters LL, Dinney CPN, Swanson DA, et al.
Nephroureterectomy for treating upper urinary tract transitional cell carcinoma: Time to
change the treatment paradigm? BJU Int. 2006 Dec;98(6):1176-80.

4 Russo P, Huang W. The medical and oncological rationale for partial nephrectomy for the
treatment of T1 renal cortical tumors. Urol Clin North Am. 2008 Nov;35(4):635-43; vii.

26



4 Azizi M, Cheriyan SK, Peyton CC, Foerster B, Shariat SF, Spiess PE. Optimal
Management of Upper Tract Urothelial Carcinoma: an Unmet Need. Curr Treat Options
Oncol. 2019 Apr 1;20(5):40.

46 palou J, Piovesan LF, Huguet J, Salvador J, Vicente J, Villavicencio H. Percutaneous
nephroscopic management of upper urinary tract transitional cell carcinoma: recurrence and
long-term followup. J Urol. 2004 Jul;172(1):66-9.

4" Thalmann GN, Markwalder R, Walter B, Studer UE. Long-term experience with bacillus
Calmette-Guerin therapy of upper urinary tract transitional cell carcinoma in patients not
eligible for surgery. J Urol. 2002 Oct;168(4 Pt 1):1381-5.

48 Katz MH, Lee MW, Gupta M. Setting a new standard for topical therapy of upper-tract
transitional-cell carcinoma: BCG and interferon-alpha2B. J Endourol. 2007 Apr;21(4):374-7,
discussion 377.

49 Irie A, lwamura M, Kadowaki K, Ohkawa A, Uchida T, Baba S. Intravesical instillation of
bacille Calmette-Gueérin for carcinoma in situ of the urothelium involving the upper urinary
tract using vesicoureteral reflux created by a double-pigtail catheter. Urology. 2002
Jan;59(1):53-7.

%0 Studer UE, Casanova G, Kraft R, Zingg EJ. Percutaneous bacillus Calmette-Guerin
perfusion of the upper urinary tract for carcinoma in situ. J Urol. 1989 Oct;142(4):975-7.

51 Horiguchi H, Yoneyama T, Hatakeyama S, Tokui N, Sato T, Fujita N, et al. Impact of
bacillus Calmette-Guérin therapy of upper urinary tract carcinoma in situ: comparison of
oncological outcomes with radical nephroureterectomy. Med Oncol. 2018 Feb 26;35(4):41.
52 _eow JJ, Liu Z, Tan TW, Lee YM, Yeo EK, Chong YL. Optimal Management of Upper
Tract Urothelial Carcinoma: Current Perspectives. Onco Targets Ther. 2020 Jan 6;13:1-15.
53 Sharpe JR, Duffy G, Chin JL. Intrarenal bacillus Calmette-Guerin therapy for upper urinary
tract carcinoma in situ. J Urol. 1993 Mar;149(3):457-9; discussion 459-460.

5 Yokogi H, Wada Y, Mizutani M, Igawa M, Ishibe T. Bacillus Calmette-Guérin perfusion
therapy for carcinoma in situ of the upper urinary tract. Br J Urol. 1996 May;77(5):676-9.

% Nonomura N, Ono Y, Nozawa M, Fukui T, Harada Y, Nishimura K, et al. Bacillus
Calmette-Guérin perfusion therapy for the treatment of transitional cell carcinoma in situ of
the upper urinary tract. Eur Urol. 2000 Dec;38(6):701-704;discussion 705.

%6 Okubo K, Ichioka K, Terada N, Matsuta Y, Yoshimura K, Arai Y. Intrarenal bacillus
Calmette-Guérin therapy for carcinoma in situ of the upper urinary tract: long-term follow-up
and natural course in cases of failure. BJU Int. 2001 Sep;88(4):343-7.

27



" Miyake H, Eto H, Hara S, Okada H, Kamidono S, Hara I. Clinical outcome of bacillus
Calmette-Guérin perfusion therapy for carcinoma in situ of the upper urinary tract. Int J Urol.
2002 Dec;9(12):677-80.

%8 Hayashida Y, Nomata K, Noguchi M, Eguchi J, Koga S, Yamashita S, et al. Long-term
effects of bacille Calmette-Guérin perfusion therapy for treatment of transitional cell
carcinoma in situ of upper urinary tract. Urology. 2004 Jun;63(6):1084-8.

59 Kojima Y, Tozawa K, Kawai N, Sasaki S, Hayashi Y, Kohri K. Long-term outcome of upper
urinary tract carcinoma in situ: effectiveness of nephroureterectomy versus bacillus Calmette-
Gueérin therapy. Int J Urol. 2006 Apr;13(4):340-4.

60 Giannarini G, Kessler TM, Birkhauser FD, Thalmann GN, Studer UE. Antegrade perfusion
with bacillus Calmette-Guérin in patients with non-muscle-invasive urothelial carcinoma of
the upper urinary tract: who may benefit? Eur Urol. 2011 Nov;60(5):955-60.

61 Shapiro EY, Lipsky MJ, Cha DY, McKiernan JM, Benson MC, Gupta M. Outcomes of
intrarenal Bacillus Calmette-Guerin/interferon-a2B for biopsy-proven upper-tract carcinoma
in situ. J Endourol. 2012 Dec;26(12):1645-50.

62 Anan G, Suyama T, Takeuchi N, Nakamura K, Sakamoto S, Nihei N, et al. [Treatment
outcome of intrarenal Bacillus Calmette-Guerin therapy for carcinoma in situ of the upper
urinary tract]. Hinyokika Kiyo. 2013 May;59(5):261-4.

63 Tomisaki I, Kubo T, Minato A, Fujimoto N. Efficacy and Tolerability of Bacillus
Calmette-Guérin Therapy as the First-Line Therapy for Upper Urinary Tract Carcinoma In
Situ. Cancer Invest. 2018 Feb 7;36(2):152-7.

64 patel A, Fuchs GJ. New techniques for the administration of topical adjuvant therapy after
endoscopic ablation of upper urinary tract transitional cell carcinoma. J Urol. 1998
Jan;159(1):71-5.

65 Clark PE, Streem SB, Geisinger MA. 13-year experience with percutaneous management
of upper tract transitional cell carcinoma. J Urol. 1999 Mar;161(3):772-5; discussion 775-
776.

66 Rastinehad AR, Ost MC, Vanderbrink BA, Greenberg KL, El-Hakim A, Marcovich R, et
al. A 20-year experience with percutaneous resection of upper tract transitional carcinoma: is
there an oncologic benefit with adjuvant bacillus Calmette Guérin therapy? Urology. 2009
Jan;73(1):27-31.

28



	1. Abbreviations
	2. Keywords
	3. Abstract
	4. Introduction
	5. BCG Therapy
	5.1. History
	5.2. Mechanism of BCG
	5.2.1. Infection of the urothelial and/or bladder cells
	5.2.2. Induction of immune response
	5.2.3. Antitumor effects
	5.3. Summary of action
	6. Upper Urothelial Carcinoma
	6.1. Epidemiology
	6.1.1. Arsenic
	6.1.2. Hereditary Nonpolyposis Colorectal Cancer (HNPCC, Lynch Syndrome)
	6.1.3. Balkan endemic and chinese herb nephropathy
	6.2. Staging and risk classification
	6.2.1. Imaging
	6.2.2. Diagnostic ureteroscopy and biopsy sampling
	6.2.3. Cytology
	6.2.4. Histological grading
	6.2.4.1. Flat lesions/Urothelial carcinoma in situ
	6.2.4.2. Non-invasive papillary urothelial carcinoma (Ta)
	6.2.5. Risk Evaluation
	7. Disease management of low risk UTUC
	7.1. Kidney sparing surgery (KSS)
	7.1.1. Endoscopic management
	7.1.2. Segmental ureterectomy
	8. BCG Therapy for UTUC
	8.1. Types of instillations
	8.1.1. Antegrade perfusion via a percutaneous nephrostomy tube
	8.1.2. Retrograde perfusion via an open-ended ureteric catheter
	8.1.3. Intravesical administration with vesicoureteral reflux via an indwelling ureteric stent
	8.2. BCG for Carcinoma in Situ
	8.3. BCG for Ta/T1 Upper Tract Carcinoma
	9. Complications of BCG Therapy
	10. Discussion
	11. Conclusion
	12. Literature

