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OBJECTIVE—To harmonize eligibility criteria and radiographic disease assessments in clinical 

trials of adjuvant therapy for muscle-invasive bladder cancer (MIBC).

METHODS—National experts in bladder cancer clinical trial research, including medical and 

urologic oncologists, radiologists, biostatisticians, and patient advocates, convened at a public 

workshop on November 28, 2017, to discuss eligibility, radiographic entry criteria, and assessment 

of disease recurrence in adjuvant clinical trials in patients with MIBC.

RESULTS—The key workshop conclusions for adjuvant MIBC clinical trials included the 

following points: (1) patients with urothelial carcinoma with divergent histologic differentiation 

should be allowed to enroll; (2) neoadjuvant chemotherapy is defined as at least 3 cycles of 

neoadjuvant cisplatin-based combination chemotherapy; (3) patients with muscle-invasive, upper-

tract urothelial carcinoma should be included in adjuvant trials of MIBC; (4) patients with severe 

renal insufficiency can enroll into trials using agents that are not renally excreted; (5) patients with 

microscopic surgical margins can be included; (6) patients should undergo a standard bilateral 

lymph node dissection prior to enrollment; (7) computed tomographic (CT) imaging should be 

performed within 4 weeks prior to enrollment. For patients with renal insufficiency who cannot 

undergo CT imaging with contrast, noncontrast chest CT and magnetic resonance imaging of the 

abdomen and pelvis with gadolinium should be done; (8) biopsy of indeterminate lesions to 

evaluate for malignant disease should be done when feasible; (9) a uniform approach to evaluate 

indeterminate radiographic lesions when biopsy is not feasible should be included in any trial 

design; (10) a uniform approach to determining the date of recurrence is important in interpreting 

adjuvant trial results; and (11) new high-grade, upper-tract primary tumors and new MIBC tumors 

should be considered recurrence events.

CONCLUSIONS AND RELEVANCE—A uniform approach to eligibility criteria, definitions of 

no evidence of disease, and definitions of disease recurrence may lead to more consistent 

interpretations of adjuvant trial results in MIBC.

As adjuvant therapies continue to be explored in urothelial carcinoma (UC), patient 

populations enrolled may be heterogeneous owing to variability in eligibility criteria and 

subpopulations enrolled. The eligibility criteria used for trials of novel agents are often the 

same as those used for prior adjuvant chemotherapy trials, but these criteria may be 

unnecessarily prohibitive when applied to trials using newer agents, such as checkpoint 

inhibitors. Other areas of potential heterogeneity include the radiographic definitions used to 

enroll and assess patients during trials, methods to define the date of recurrence, and 

management of patients diagnosed with non–muscle-invasive disease in the remaining 

urothelial tract during adjuvant treatment. Having a uniform approach to these issues across 

trials will allow for more consistent interpretation of adjuvant trial results.

Initiative

The US Food and Drug Administration and the National Cancer Institute, with support from 

the Society of Urologic Oncology, convened a public workshop on November 28, 2017, at 

the National Institutes of Health in Bethesda, Maryland, to discuss protocol criteria for 

adjuvant clinical trials of muscle-invasive bladder cancer (MIBC) and kidney cancer. This 

effort focused on 4 topics regarding MIBC adjuvant trials: (1) the role of patient and disease 
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characteristics, (2) defining radiographic eligibility, (3) defining disease recurrence, and (4) 

management of non–muscle-invasive bladder cancer (NMIBC). Multiple virtual meetings 

were used to outline these topics, and major issues were discussed further at the workshop 

with input from investigators, patient advocates, biostatisticians, industry representatives, 

regulators, and the public. This report summarizes discussions from the workshop and 

associated meetings. The kidney cancer component of the workshop addresses many of 

these same issues and contains complementary material (S.A., unpublished information, 

September 2019). The key workshop discussion points are summarized in Table 1.1 Some 

recommendations in Table 1 are not included in the text.

Patients and Disease Characteristics

Histologic Subtypes

Histologic variants are seen in 10% to 25% of bladder cancers.2 Many definitions for variant 

histologic bladder cancer exist, but the simplest is anything other than pure urothelial 

carcinoma (UC). Histologic classifications are based on morphologic features shown on 

routine hematoxylin-eosin sections. Emerging genomic data will potentially help to better 

characterize these tumors and classify them into distinct subtypes.3,4

Some variants behave similarly to conventional UC; others, however, are more aggressive. 

Determining if variants have differing responses to therapy compared with conventional UC 

has been challenging, which has led to general exclusion of variant histologic characteristics 

in adjuvant trials. Patients with predominant (≥50%) UCs who have a component of variant 

histologic characteristics should be included in adjuvant trials (Table 1). To account for 

variations in response, trials could perform subset analyses if sufficient numbers of patients 

are enrolled. However, patients with pure non-UC histologic characteristics, especially 

mixed neuroendocrine/small cell tumors, if included, should be analyzed separately. The 

outcomes and correlative studies from adjuvant trials that include patients with variant and 

pure non-UC histologic characteristics will be critical to advancing therapies for these rare 

bladder tumors.

Prior Neoadjuvant Therapy

Despite level 1 evidence supporting the use of neoadjuvant cisplatin-based chemotherapy in 

MIBC, the optimal regimen and number of cycles have not been defined, and there is limited 

information regarding how many cycles of neoadjuvant cisplatin-based chemotherapy are 

optimal. A comparative study that included 212 patients from 28 centers reported that a 

median of 3 cycles of neoadjuvant chemotherapy with gemcitabine and cisplatin vs 

combined methotrexate, vinblastine, doxorubicin, and cisplatin achieved similar and 

promising pathologic complete response rates.5 Based on this information, if neoadjuvant 

chemotherapy is given, a minimum of 3 cycles of neoadjuvant cisplatin-based chemotherapy, 

with a cisplatin dose of at least 70 mg/m2/cycle, should be given (Table 1). This criterion is 

reasonable for eligibility in clinical trials exploring novel adjuvant therapies in patients with 

MIBC with a substantial tumor burden (pT2+ and/or pN+) after neoadjuvant treatment. 

There are insufficient data to determine what constitutes adequate total doses of 

chemotherapy. To our knowledge, there is no evidence to support a survival benefit with 
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non–cisplatin-based neoadjuvant chemotherapy. Thus, patients who have received non–

cisplatin-based or less than 3 cycles of cisplatin-based neoadjuvant treatment should be 

managed and stratified as if they had not received neoadjuvant chemotherapy, and their 

eligibility should be based on postcystectomy pathologic stage (Table 1).

Muscle-Invasive, Upper-Tract UC

Adjuvant trials on MIBC have generally excluded patients with muscle-invasive upper-tract 

UC. Patients with muscle-invasive upper-tract UC should be included in adjuvant trials for 

MIBC because they too can potentially benefit from these therapies and important 

information can be gathered from clinical trials on their outcomes (Table 1). If possible, 

patients with upper-tract vs lower-tract UC should be stratified in randomized trials to 

account for potential differences in outcomes. To our knowledge, there is no evidence that 

systemic adjuvant therapy in non–muscle-invasive upper-tract tumors improves outcome.

Surgical Considerations for Eligibility

Positive Surgical Margins

Positive surgical margins in bladder cancer are associated with development of metastatic 

disease, and the lowest rates of overall and disease-free survival.6,7 Patients with 

microscopic (R1) margins should be included in MIBC adjuvant trials because excluding 

these patients would disallow those at the greatest risk of recurrence to potentially benefit 

from adjuvant therapy and including them will serve to collect information on this subset of 

patients (Table 1). There may be a benefit to stratifying these patients, given a potentially 

worse outcome. However, it is not clear if patients with grossly positive (R2) soft-tissue 

margins should be included in an adjuvant setting (Table 1).

Pelvic Lymph Node Dissection

Pelvic lymph node dissection is crucial for accurate staging. Retrospective data suggest a 

possible therapeutic benefit depending on the extent of lymph node dissection.8,9 A 

randomized clinical trial10 and a National Cancer Institute cooperative group trial (SWOG-

S1011; NCT01224665) were designed to determine the therapeutic role of extended vs 

standard pelvic lymph node dissection in MIBC. A German trial that randomized 401 

patients (203 limited and 198 extended) to lymph node dissection found no difference in 5-

year, recurrence-free survival (59% vs 65%, P = .36) at a median follow-up of 43 months.10 

The 5-year overall survival rate was 49.7% in the limited group compared with 58.9% in the 

extended group (P = .12). The ongoing National Cancer Institute cooperative group trial may 

help to clarify the benefit of extended lymph node dissection. Standard pelvic lymph node 

dissection, including bilateral external and internal iliac and obturator lymph nodes, will 

identify patients who have lymph node metastasis but may underestimate the extent of 

lymph node involvement.11,12 Given the unknown therapeutic value of extended over 

standard lymph node dissection at this time, patients should have, at minimum, a bilateral 

standard pelvic lymph node dissection for eligibility in adjuvant trials (Table 1). Other 

surgical considerations, including lymph node counts and density, may also be considered as 

stratification variables to be used in clinical trials.
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Timing and Duration of Adjuvant Therapy

Few data exist regarding the ideal time to initiate adjuvant therapy. A study evaluated 

postoperative complications after radical cystectomy and their association with the timing 

and ability to receive adjuvant chemotherapy. Of 1142 patients who underwent radical 

cystectomy, 30% had Clavien-Dindo grade 2 to 5 complications 6 to 12 weeks after surgery, 

leading to the conclusion that these patients would not have been eligible for adjuvant 

chemotherapy.13 This finding suggests that, after radical cystectomy, initiation of adjuvant 

therapy may be delayed 3 months or longer for some patients, given the high complication 

rate associated with the procedure.13 One to 4 months post radical cystectomy is a 

reasonable time for enrollment in an adjuvant trial (Table 1).

Radiologic Considerations

Imaging in adjuvant trials poses inherent challenges, as there is substantial variation in 

radiologic interpretation of recurrent and metastatic cancer, and there are no standardized 

radiographic criteria for identifying site-specific recurrences. In addition, imaging 

commonly demonstrates equivocal findings, including the development of a secondary 

cancer, and biopsy is not always feasible (biopsy considerations are presented in the 

Box14–18). Cultivating uniformity in these elements will help to optimize the scaling of data 

in multi-institutional clinical trials.

Radiologic Practices

Computed tomographic imaging of the chest, abdomen, and pelvis with intravenous contrast 

should be performed within 4 weeks prior to trial enrollment. Computed tomography is 

considered the imaging modality of choice during the entirety of the trial so long as it is 

feasible (Table 1), thereby designating other imaging modalities, such as magnetic resonance 

imaging (MRI) or positron emission tomography as auxiliary or problem-solving imaging 

tools. The preference for CT imaging is because of its availability, ability to standardize 

imaging acquisition technique, and ability to adequately visualize the most common 

manifestations of recurrent and metastatic UC.19–21 Computed tomographic imaging thereby 

offers many advantages in broad implementation, and, while meta-analyses have shown that 

MRI and positron emission tomography may offer superior specificity or negative predictive 

value, the differences are not substantial when directly compared with CT imaging.22 For 

patients with renal insufficiency who cannot undergo CT imaging with contrast, noncontrast 

chest CT imaging and MRI of the abdomen and pelvis with gadolinium should be done.

Trials should adhere to imaging acquisition, display, and radiologic interpretation technique 

as advised by the Quantitative Imaging Biomarkers Alliance (Table 1).1 Uniformity in 

imaging acquisition and display is essential for standardizing radiologic criteria that use size 

measurement as a metric, as studies have shown that differences in slice display not only 

affect the detection rate of lesions,23 but can also lead to statistically significant differences 

in size measurement of lesions.24
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Radiologic Evaluation of Clinical Trial Eligibility

There are currently no standardized criteria to adjudicate equivocal radiologic findings when 

evaluating patients for adjuvant trial eligibility. The workshop addressed this issue and 

included a review of available literature on tumor assessment imaging. Published imaging 

guidelines from the Quantitative Imaging Biomarkers Alliance,1 in addition to principles 

outlined in Response Evaluation Criteria in Solid Tumors,25 support the following general 

radiologic practices to aid in interpreting equivocal radiologic findings during initial 

evaluation:

1. When no prior imaging exists, the equivocal lesion should be assumed to be 

benign if it measures less than 1.0 cm (long axis for all non–lymph node lesions, 

short axis for lymph nodes). This 1.0-cm size threshold represents the general 

consensus in radiologic practice as to what size is deemed reasonably sensitive 

and specific to identify potential cancer,19,26 as well as what size is required to 

reliably characterize a lesion on CT imaging.1

2. Lesions measuring 1.0 cm or more (long axis for all non–lymph node lesions, 

short axis for lymph nodes) should be regarded as suspicious for malignant 

disease. If no alternative clinical explanation beyond cancer exists, customized 

radiologic workup of the lesion or further initial evaluation after an appropriate 

amount of time—as outlined by radiologic guidelines regarding the resolution of 

indeterminate findings—is warranted prior to enrollment. Alternatively, biopsy 

may be warranted at the discretion of the investigator. Table 2 summarizes the 

approach to these findings.27,28

Radiologic Assessment of Disease Recurrence

Response Evaluation Criteria in Solid Tumors were developed to standardize the approach to 

disease assessments in patients with existing disease. However, there are no specific criteria 

for identifying new radiographic lesions,25 and thus no standard approach currently exists to 

assess for recurrence in patients who are presumed to be free of disease in an adjuvant trial. 

This issue warrants review, as the application of varying response criteria may affect trial 

outcomes.25,29

Workshop discussion centered around developing a uniform approach to assess for 

recurrence on surveillance imaging to ensure accuracy and consistency in reporting 

outcomes when biopsy is not feasible. The result of this discussion was a proposed model 

designed with principles of the Response Evaluation Criteria in Solid Tumors25 in mind and 

supported by technical standards as defined by the Quantitative Imaging Biomarkers 

Alliance.1 Key points were (1) any new lesion 1.0 cm or larger that was absent on initial 

evaluation; (2) any preexisting lesion smaller than 1.0 cm demonstrating 50% or more 

growth on 2 consecutive radiologic examinations with 5 mm or more absolute increase or 

1.0 cm or larger demonstrating 50% growth on a single examination; or (3) multifocal 

lesions measuring less than 1.0 cm that demonstrate geographic distribution or radiographic 

and/or metabolic features that are pathognomonic for metastatic disease can all be 

reasonably considered as unequivocal recurrence, assuming the complete exclusion of an 

alternative clinical explanation beyond cancer (Table 2).
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Designating recurrence of small tumors (<1.0 cm) or a single lesion 1.0 cm or larger based 

on these criteria may be problematic, as this designation may lead to an overestimation of 

recurrence. However, these proposed size criteria represent a rate of growth that substantially 

outpaces the volumetric doubling rate of metabolically indolent processes, thereby achieving 

a level of specificity reasonable for a diagnosis of unequivocal recurrence in the absence of 

histologic confirmation. Protocols using different numeric thresholds may be reasonable but 

should be consistent so that there is accurate and uniform application of the trial criteria.

Defining Date of Recurrence

Various methods may be used to define the date of recurrence on an adjuvant trial. 

Backdating the recurrence date to the time a new lesion first appeared on imaging could 

potentially identify patients who are ineligible for a trial on a retrospective basis, as 

progression might be backdated to imaging findings that did not meet criteria for disease at 

baseline or the first appearance of a lesion may not be entirely clear. These issues introduce 

inconsistency into the date determination.

Assigning the date of recurrence as the time at which specific radiologic criteria are met 

avoids these issues, and applying criteria, such as those outlined in Table 2, to specific sites 

of recurrence is a more consistent method for determining the date of recurrence. However, 

this method lacks temporal accuracy with respect to the first instance of disease recurrence. 

There was no agreement at the workshop on which method should be used, but it was agreed 

that whichever method is used should be clearly stated in the protocol and followed to 

ensure consistent and accurate application of the trial criteria (Table 1).

Recurrence can also be dated to the time of a positive biopsy, if available, or at the time of 

investigator-assessed clinical progression. When a radiologic and histopathologic diagnosis 

date are both available, the date of radiologic diagnosis is preferred, because biopsies are 

typically prompted by preceding radiologic findings. Additional biopsy considerations are 

summarized in the Box.

Managing New Urothelial Tract Cancers

Patients on adjuvant MIBC trials are at risk not only for metastases, but also for recurrent or 

second primary tumors arising at new locations in the remaining urothelial tract. Diagnostic 

studies used to detect local urothelial cancer recurrence (Table 3)30–41 should be considered 

and standardized during clinical trial design.

Do new UC primary cancers represent treatment failure? There are 2 opposing views on 

whether a urothelial second primary cancer in a patient undergoing treatment for MIBC 

represents treatment failure. The strict viewpoint defines any UC that occurs while a patient 

is undergoing systemic therapy as both a recurrence and a progression event, implying that 

the patient’s tumor has not responded to treatment and that treatment should stop. The 

benefit of this definition is that it applies equally to all UC locations and stages and is 

therefore simple to implement and interpret. That said, clinicians have observed complete 

and durable resolution of disease after systemic therapy for MIBC, only to witness 

recurrence of NMIBC tumors several years later that are successfully salvaged with 
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transurethral resection and intravesical therapy. The flexible viewpoint defines urothelial 

recurrence as a recurrence event, but only certain urothelial recurrences as progression 

events. Both of these views were addressed at the workshop, and discussion resulted in the 

following:

• There was agreement that all new, high-grade, upper-tract tumors and all new 

MIBC tumors should be considered progression events for the disease-free 

survival end point (Table 1).

• It is not evident if new primary tumors that are stage T1 or less should be defined 

as progression events for the disease-free survival end point. For example, many 

investigators believe that NMIBC (≤T1 stage) recurrence in a patient with MIBC 

is not a progression event, and the patient should be allowed to continue on trial 

after management of the tumor with transurethral resection with or without 

adjuvant intravesical therapy. There was no agreement on this issue, but it was 

agreed that management of these patients should be prospectively addressed and 

specified in protocols (Table 1).

• There was agreement that patients with a tumor recurrence in the remaining 

urothelium that is both low-grade and non–muscle-invasive can remain on trial 

provided the recurrence is manageable endoscopically (Table 1). However, if a 

low-grade NMIBC is too large or located in a difficult anatomic location and is 

consequently not amenable to endoscopic management, then the patient should 

be withdrawn from the trial. For intermediate- and high-risk NMIBC, the same 

considerations apply, with the additional consideration that patients receiving 

standard-of-care intravesical therapy be allowed to continue on trial. However, 

the appropriateness of continuing a systemic agent in conjunction with BCG or 

other intravesical therapy requires further discussion and evidence generation 

(Table 1).

Considerations for the Patient

There are many aspects of clinical trials and their conduct that are concerning to patients. 

The following points were agreed upon at the workshop:

• Patients with evidence of substantial disease burden and no alternative 

explanation for these lesions may reasonably be excluded from biopsy 

procedures that are intended to confirm recurrence to avoid unnecessary risk of 

an adverse event (Table 1).

• Seeking biopsies solely for the purposes of research should be carefully balanced 

with the best interests of the patient and should be clearly specified as 

supplemental to standard care during informed consent (Table 1).

• Patients often favor trial designs that eliminate the use of placebo, more heavily 

weight arms with an active agent, or allow crossover where justified by trial data 

(Table 1).
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• There are cases in which patient and investigator unblinding are warranted after 

cessation of study treatment, such as when managing toxic effects or deciding on 

an appropriate next therapy (Table 1).

Planning for the Future

Implementing a uniform approach to eligibility criteria and definitions of residual and 

recurrent disease in adjuvant MIBC clinical trials may allow for less variability in trial 

conduct. Because data are currently lacking to support specific radiographic criteria, these 

definitions will require adjustment as more data become available, and the US Food and 

Drug Administration recommends continuing dialogue during trial design and development. 

However, a common approach and uniform application of trial criteria can still yield great 

benefit in conducting adjuvant trials. In considering the conduct of adjuvant MIBC trials, the 

scientific community must account for the rapidly changing landscape in bladder cancer and 

recognize the need for continued dialogue among various stakeholders.

Funding/Support:

This work was supported by the Intramural Research Program of the Center for Cancer Research, National Cancer 
Institute, National Institutes of Health and the Memorial Sloan Kettering Cancer Center P30 CA008748 grant.

Role of the Funder/Sponsor:

The funding organizations had no role in the design and conduct of the study; collection, management, analysis, and 
interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript 
for publication.

Conflict of Interest Disclosures:

Dr Milowsky reported receiving grants from Acerta Pharma, Astellas, Bristol-Myers Squibb, Incyte, Merck, Pfizer, 
Roche/Genentech, Seattle Genetics, Clovis Oncology Inc, Inovio Pharmaceuticals, AstraZeneca, and X4 
Pharmaceuticals and personal fees from Rainier Therapeutics and Asieris during the conduct of the study. Dr Kamat 
reported receiving other support from FKD Industries; personal fees and other support from Merck, Bristol-Myers 
Squibb and Photocure; personal fees from Arquer, MDxHealth, Theralase, Medac, Asieris, Abbott Molecular, US 
Biotest, Ferring, Imagin, Eisai, BioClin Therapeutics, Cold Genesys, Roviant, and Sessen Bio; and grants from 
CEC Oncology outside the submitted work; in addition, Dr Kamat held a patent to CyPRIT (Cytokine Predictors of 
Response to Intravesical Therapy) jointly with The University of Texas MD Anderson Cancer Center and serves on 
the editorial boards of the European Urology Oncology Journal of Urology and UroToday, with annual 
honorariums. Dr Sweis reported receiving personal fees from Bristol-Myers Squibb, Exelixis, Mirati, AstraZeneca, 
Eisai, and Puma, as well as grants from EpiVax Oncology outside the submitted work. Dr Maher reported receiving 
personal fees from DataRevive outside the submitted work and now is employed by a regulatory consulting 
company, DataRevive. (This article was completed prior to assuming this position.) Dr Lerner reported receiving 
personal fees from Vaxiion, Anchiano Therapeutics, Incyte, Roche/Genentech, Ferring, Nucleix, Dava Oncology, 
MSD Korea, QED, and MiR Scientific outside the submitted work; grants and personal fees from UroGen; and 
grants from FKD, Endo, and Viventia outside the submitted work; in addition, Dr Lerner held a patent to TCGA 
classifier pending. Dr Bajorin reported receiving personal fees and other support from Bristol-Myers Squibb and 
Merck during the conduct of the study; as well as personal fees from Genentech, EMD Serono, Fidici Farmaceutici, 
AstraZeneca, Pfizer, Roche, and Eli Lilly outside the submitted work. Dr Rosenberg reported receiving personal 
fees and other support from Seattle Genetics, Astellas, Merck, Roche/Genentech, Bayer, AstraZeneca, Chugai, 
QED, and Bristol-Myers Squibb; personal fees from UpToDate, Eli Lilly, Inovio, Bioclin/Ranier, Adicet Bio, 
Sensei Biotherapeutics, Pharmacyclics, GSK, Janssen, and Western Oncolytics; as well as other support from 
Illumina outside the submitted work; in addition, Dr Rosenberg had a patent to predicting cisplatin sensitivity 
pending. No other disclosures were reported.

Apolo et al. Page 10

JAMA Oncol. Author manuscript; available in PMC 2021 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



REFERENCES

1. Quantitative Imaging Biomarkers Alliance QIBA CT Volumetry Technical Committee. Profiles. 
http://qibawiki.rsna.org/index.php/Profiles. Updated September 4, 2019. Accessed September 4, 
2019.

2. Wasco MJ, Daignault S, Zhang Y, et al. Urothelial carcinoma with divergent histologic 
differentiation (mixed histologic features) predicts the presence of locally advanced bladder cancer 
when detected at transurethral resection. Urology. 2007;70(1):69–74. doi:10.1016/
j.urology.2007.03.033 [PubMed: 17656211] 

3. Guo CC, Dadhania V, Zhang L, et al. Gene expression profile of the clinically aggressive 
micropapillary variant of bladder cancer. Eur Urol. 2016;70(4):611–620. doi:10.1016/
j.eururo.2016.02.056 [PubMed: 26988609] 

4. Robertson AG, Kim J, Al-Ahmadie H, et al.; TCGA Research Network. Comprehensive molecular 
characterization of muscle-invasive bladder cancer. Cell. 2017;171(3):540–556.e25. doi:10.1016/
j.cell.2017.09.007 [PubMed: 28988769] 

5. Galsky MD, Pal SK, Chowdhury S, et al.; Retrospective International Study of Cancers of the 
Urothelial Tract (RISC) Investigators. Comparative effectiveness of gemcitabine plus cisplatin 
versus methotrexate, vinblastine, doxorubicin, plus cisplatin as neoadjuvant therapy for muscle-
invasive bladder cancer. Cancer. 2015;121 (15):2586–2593. doi:10.1002/cncr.29387 [PubMed: 
25872978] 

6. Hong X, Li T, Ling F, et al. Impact of surgical margin status on the outcome of bladder cancer 
treated by radical cystectomy: a meta-analysis. Oncotarget. 2017;8(10):17258–17269. doi:10.18632/
oncotarget.12907 [PubMed: 27791991] 

7. Dotan ZA, Kavanagh K, Yossepowitch O, et al. Positive surgical margins in soft tissue following 
radical cystectomy for bladder cancer and cancer specific survival. J Urol. 2007;178(6):2308–2312. 
doi:10.1016/j.juro.2007.08.023 [PubMed: 17936804] 

8. Abdi H, Pourmalek F, Gleave ME, So AI, Black PC. Balancing risk and benefit of extended pelvic 
lymph node dissection in patients undergoing radical cystectomy. World J Urol. 2016;34(1):41–48. 
doi:10.1007/s00345-015-1734-x [PubMed: 26621208] 

9. Zehnder P, Studer UE, Skinner EC, et al. Super extended versus extended pelvic lymph node 
dissection in patients undergoing radical cystectomy for bladder cancer: a comparative study. J Urol. 
2011;186(4):1261–1268. doi:10.1016/j.juro.2011.06.004 [PubMed: 21849183] 

10. Gschwend JE, Heck MM, Lehmann J, et al. Extended versus limited lymph node dissection in 
bladder cancer patients undergoing radical cystectomy: survival results from a prospective, 
randomized trial. Eur Urol. 2019;75(4):604–611. doi:10.1016/j.eururo.2018.09.047 [PubMed: 
30337060] 

11. Steven K, Poulsen AL. Radical cystectomy and extended pelvic lymphadenectomy: survival of 
patients with lymph node metastasis above the bifurcation of the common iliac vessels treated with 
surgery only. J Urol. 2007;178(4 Pt 1):1218–1223. doi:10.1016/j.juro.2007.05.160 [PubMed: 
17698113] 

12. Jensen JB, Ulhøi BP, Jensen KM. Lymph node mapping in patients with bladder cancer undergoing 
radical cystectomy and lymph node dissection to the level of the inferior mesenteric artery. BJU 
Int. 2010;106(2):199–205. doi:10.1111/j.1464-410X.2009.09118.x [PubMed: 20002670] 

13. Donat SM, Shabsigh A, Savage C, et al. Potential impact of postoperative early complications on 
the timing of adjuvant chemotherapy in patients undergoing radical cystectomy: a high-volume 
tertiary cancer center experience. Eur Urol. 2009; 55(1):177–185. doi:10.1016/
j.eururo.2008.07.018 [PubMed: 18640770] 

14. Veltri A, Bargellini I, Giorgi L, Almeida PAMS, Akhan O. CIRSE guidelines on percutaneous 
needle biopsy (PNB). Cardiovasc Intervent Radiol. 2017;40 (10):1501–1513. doi:10.1007/
s00270-017-1658-5 [PubMed: 28523447] 

15. ACR–SIR-American College of Radiology SPR practice parameter for the performance of image-
guided percutaneous needle biopsy (PNB). https://www.acr.org/-/media/ACR/Files/Practice-
Parameters/PNB.pdf. Revised 2018. Accessed February 25, 2019.

Apolo et al. Page 11

JAMA Oncol. Author manuscript; available in PMC 2021 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://qibawiki.rsna.org/index.php/Profiles
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/PNB.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/PNB.pdf


16. Patel IJ, Davidson JC, Nikolic B, et al.; Standards of Practice Committee, with Cardiovascular and 
Interventional Radiological Society of Europe (CIRSE) Endorsement; Standards of Practice 
Committee of the Society of Interventional Radiology. Addendum of newer anticoagulants to the 
SIR consensus guideline. J Vasc Interv Radiol. 2013;24(5):641–645. doi:10.1016/
j.jvir.2012.12.007 [PubMed: 23622037] 

17. Patel IJ, Davidson JC, Nikolic B, et al.; Standards of Practice Committee, with Cardiovascular and 
Interventional Radiological Society of Europe (CIRSE) Endorsement. Consensus guidelines for 
periprocedural management of coagulation status and hemostasis risk in percutaneous image-
guided interventions. J Vasc Interv Radiol. 2012;23(6): 727–736. doi:10.1016/j.jvir.2012.02.012 
[PubMed: 22513394] 

18. Shao H, McCarthy C, Wehrenberg-Klee E, et al. CT-guided percutaneous needle biopsy of 
retroperitoneal and pelvic lymphadenopathy: assessment of technique, diagnostic yield, and 
clinical value. J Vasc Interv Radiol. 2018;29(10): 1429–1436. doi:10.1016/j.jvir.2018.03.028 
[PubMed: 30174157] 

19. Hartman R, Kawashima A. Lower tract neoplasm: update of imaging evaluation. Eur J Radiol. 
2017;97:119–130. doi:10.1016/j.ejrad.2017.10.019 [PubMed: 29102424] 

20. Babaian RJ, Johnson DE, Llamas L, Ayala AG. Metastases from transitional cell carcinoma of 
urinary bladder. Urology. 1980;16(2):142–144. doi:10.1016/0090-4295(80)90067-9 [PubMed: 
7404907] 

21. Koh DM, Husband J. Patterns of recurrence of bladder carcinoma following radical cystectomy. 
Cancer Imaging. 2003;3(2):96–100. doi:10.1102/1470-7330.2003.0009

22. Moses KA, Zhang J, Hricak H, Bochner BH. Bladder cancer imaging: an update. Curr Opin Urol. 
2011;21(5):393–397. doi:10.1097/MOU.0b013e32834956c3 [PubMed: 21814052] 

23. Kozuka T, Johkoh T, Hamada S, et al. Detection of pulmonary metastases with multi-detector row 
CT scans of 5-mm nominal section thickness: autopsy lung study. Radiology. 2003;226(1):231–
234. doi:10.1148/radiol.2261010394 [PubMed: 12511695] 

24. Zhao B, Schwartz LH, Moskowitz CS, et al. Pulmonary metastases: effect of CT section thickness 
on measurement—initial experience. Radiology. 2005;234(3):934–939. doi:10.1148/
radiol.2343040020 [PubMed: 15681690] 

25. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: 
revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45(2):228–247. doi:10.1016/
j.ejca.2008.10.026 [PubMed: 19097774] 

26. McMahon CJ, Rofsky NM, Pedrosa I. Lymphatic metastases from pelvic tumors: anatomic 
classification, characterization, and staging. Radiology. 2010;254(1):31–46. doi:10.1148/
radiol.2541090361 [PubMed: 20032141] 

27. MacMahon H, Austin JH, Gamsu G, et al.; Fleischner Society. Guidelines for management of 
small pulmonary nodules detected on CT scans: a statement from the Fleischner Society. 
Radiology. 2005;237(2):395–400. doi:10.1148/radiol.2372041887 [PubMed: 16244247] 

28. MacMahon H, Naidich DP, Goo JM, et al. Guidelines for management of incidental pulmonary 
nodules detected on CT images: from the Fleischner Society 2017. Radiology. 2017; 284(1):228–
243. doi:10.1148/radiol.2017161659 [PubMed: 28240562] 

29. Baar J, Tannock I. Analyzing the same data in two ways: a demonstration model to illustrate the 
reporting and misreporting of clinical trials. J Clin Oncol. 1989;7(7):969–978. doi:10.1200/
JCO.1989.7.7.969 [PubMed: 2738626] 

30. Chang SS, Bochner BH, Chou R, et al. Treatment of non–metastatic muscle-invasive bladder 
cancer: AUA/ASCO/ASTRO/SUO guideline. J Urol. 2017;198(3):552–559. doi:10.1016/
j.juro.2017.04.086 [PubMed: 28456635] 

31. Gakis G, Black PC, Bochner BH, et al. Systematic review on the fate of the remnant urothelium 
after radical cystectomy. Eur Urol. 2017;71(4):545–557. doi:10.1016/j.eururo.2016.09.035 
[PubMed: 27720534] 

32. Fantony JJ, Inman BA. It may be time to abandon urine tests for bladder cancer. J Natl Compr 
Canc Netw. 2015;13(9):1163–1166. doi:10.6004/jnccn.2015.0141 [PubMed: 26358800] 

33. Burger M, Grossman HB, Droller M, et al. Photodynamic diagnosis of non-muscle-invasive 
bladder cancer with hexaminolevulinate cystoscopy: a meta-analysis of detection and recurrence 

Apolo et al. Page 12

JAMA Oncol. Author manuscript; available in PMC 2021 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



based on raw data. Eur Urol. 2013;64(5): 846–854. doi:10.1016/j.eururo.2013.03.059 [PubMed: 
23602406] 

34. Gakis G, Fahmy O. Systematic review and meta-analysis on the impact of hexaminolevulinate-
versus white-light guided transurethral bladder tumor resection on progression in non–muscle 
invasive bladder cancer. Bladder Cancer. 2016;2(3): 293–300. doi:10.3233/BLC-160060 [PubMed: 
27500197] 

35. Kang W, Cui Z, Chen Q, Zhang D, Zhang H, Jin X. Narrow band imaging-assisted transurethral 
resection reduces the recurrence risk of non-muscle invasive bladder cancer: a systematic review 
and meta-analysis. Oncotarget. 2017;8(14): 23880–23890. doi:10.18632/oncotarget.13054 
[PubMed: 27823975] 

36. Xiong Y, Li J, Ma S, et al. A meta-analysis of narrow band imaging for the diagnosis and 
therapeutic outcome of non-muscle invasive bladder cancer. PLoS One. 2017;12(2):e0170819. 
doi:10.1371/journal.pone.0170819 [PubMed: 28192481] 

37. Lightfoot AJ, Rosevear HM, Nepple KG, O’Donnell MA. Role of routine transurethral biopsy and 
isolated upper tract cytology after intravesical treatment of high-grade non–muscle invasive 
bladder cancer. Int J Urol. 2012;19(11):988–993. doi:10.1111/j.1442-2042.2012.03089.x 
[PubMed: 22762480] 

38. Guy L, Savareux L, Molinié V, Botto H, Boiteux JP, Lebret T. Should bladder biopsies be 
performed routinely after bacillus Calmette-Guérin treatment for high-risk superficial transitional 
cell cancer of the bladder? Eur Urol. 2006;50(3):516–520. doi:10.1016/j.eururo.2006.03.022 
[PubMed: 16632184] 

39. Swietek N, Waldert M, Rom M, et al. The value of transurethral bladder biopsy after intravesical 
bacillus Calmette-Guérin instillation therapy for nonmuscle invasive bladder cancer: a 
retrospective, single center study and cumulative analysis of the literature. J Urol. 
2012;188(3):748–753. doi:10.1016/j.juro.2012.05.015 [PubMed: 22819422] 

40. Musser JE, O’Shaughnessy MJ, Kim PH, Herr HW. Bladder biopsy of normal-appearing mucosa is 
not helpful in patients with unexplained positive cytology after nonmuscle invasive bladder cancer. 
J Urol. 2015;193(1):48–52. doi:10.1016/j.juro.2014.06.068 [PubMed: 24960468] 

41. Smith PJ, Lotan Y, Raj GV, Sagalowsky AI, Margulis V. Assessing treatment response after 
induction Bacillus Calmette-Guerin for carcinoma in situ of the urinary bladder: can post-
induction random bladder biopsies be avoided? Cytopathology. 2014;25(2):108–111. doi:10.1111/
cyt.12064 [PubMed: 23551700] 

Apolo et al. Page 13

JAMA Oncol. Author manuscript; available in PMC 2021 June 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Box.

Biopsy Considerations for Adjuvant Bladder Cancer Trials

• Biopsy remains the standard for determining recurrent cancer and provides 

concrete evidence for the end point of relapse-free survival.

• Trials should abide by national medical society practice guidelines that 

specifically address tissue biopsy. The Society of Interventional Radiology 

and the Cardiovascular and Interventional Radiological Society of Europe 

both provide guidelines for percutaneous needle biopsy.14,15

• If possible, discuss potential biopsies with at least 2 interventional 

radiologists in a multidisciplinary setting to increase the likelihood that each 

biopsy is held to uniform standards of risk threshold.16

• Because lymph nodes are the most common site of metastatic disease in 

urothelial carcinoma and are the most likely lesions to have equivocal 

features, procedural risk stratification based on node location is important to 

optimize tissue yield and minimize risk (low risk: superficial/subcutaneous 

sites; moderate risk: all intrathoracic and intraabdominal sites except renal; 

high risk: renal biopsy).14,17

• Percutaneous needle biopsy of retroperitoneal and pelvic lymphadenopathy 

has been shown to be safe and effective even with the use of adjunctive 

maneuvers for lymph node stations that are more challenging to biopsy.18
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