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Abstract 

Background: Investigation on the rapid disease progression after immune checkpoint 

inhibitor therapy in urologic malignancies is lacking. 

Objective: The objective was to evaluate the immediate progressive disease (PD) after 

nivolumab therapy for pretreated metastatic renal cell carcinoma. 

Patients and Methods: Forty patients were retrospectively evaluated. Immediate PD was 

clinically or objectively diagnosed. Clinical diagnosis was defined as an acceleration of 

symptoms directly caused by tumor growth or systematic worsening of the general 

condition such as cachexia. Objective diagnosis was based on imaging evaluation using 

Response Evaluation Criteria in Solid Tumors version 1.1 and development within the 

initial two cycles of nivolumab therapy. 

Results: Seven patients (17.5%) experienced immediate PD; thereafter, all patients died 

of cancer. The median time from therapy initiation to development was 14 days. 

Progression-free and overall survival after nivolumab therapy were significantly shorter 

in patients with immediate PD compared with those without immediate PD (progression-

free survival: 0.66 vs. 10.5 months, p<0.0001; overall survival: 1.41 months vs. not 

reached, p<0.0001). Furthermore, female sex (p=0.0434), poor MSKCC risk (p=0.0263), 

and shorter duration of prior-line time to progression (p=0.0218) were associated with 

immediate PD. 

Conclusions: The development of immediate PD in a subset of patients could deteriorate 

patient prognosis. Sex, MSKCC risk, and duration of prior-line time to progression might 

be involved in the development. Although these findings had limited evidence due to the 

study design, the data have the potential to improve treatment strategy. Therefore, 

prospective studies should further assess these findings.   
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Key points 

1. Rapid disease progression after immune checkpoint inhibitor therapy has been 

discussed in various types of cancer. 

 

2. Immediate progressive disease developed in 17.5% of metastatic renal cell carcinoma 

patients after nivolumab therapy and deteriorated patient prognoses. 

 

3. Female sex, poor risk, and shorter duration of prior-line time to progression were 

potential predictive factors of development of immediate progressive disease. 

  



Immediate PD after nivolumab in mRCC  Ishihara et al. 

4 
 

1. Introduction 

The immune checkpoint inhibitor (ICI) nivolumab has been approved for previously 

treated patients with metastatic renal cell carcinoma (mRCC) based on a pivotal phase III 

trial [1]. The CheckMate 025 study demonstrated that nivolumab had an overall survival 

(OS) benefit and more favorable tolerability compared with everolimus [1-4]; therefore, 

the treatment strategy for mRCC has dramatically changed [5, 6]. 

As experience with the use of nivolumab increases, a unique phenomenon specific to 

ICIs has come to light. Rapid disease progression after therapy initiation, namely 

“hyperprogression,” has been recently discussed because ICIs can have a deleterious 

effect of accelerating the disease in a subpopulation [7-9]. It is suggested that this 

undesired phenomenon can develop regardless of cancer type or prior corresponding 

therapies [7, 9, 10]. A recent study showed preliminary data regarding hyperprogression 

in patients with advanced head and neck squamous cell carcinoma during anti-

programmed cell death 1 (PD-1)/PD-ligand 1 (PD-L1) therapy [8]. 

For now, hyperprogression is defined as the tumor growth rate incorporating the time 

of the event, allowing for a quantitative and dynamic evaluation of the tumor burden along 

the treatment sequence [8, 7, 9]. This definition is highly objective and reproducible; 

however, some patients can be excluded from analyses because rapid clinical disease 

progression does not allow imaging evaluation [7]; thus, the detection of “clinical 

hyperprogression” may be missed. Most importantly, such cases always exist in a real-

world setting. However, the number of studies regarding the phenomenon is limited in 

urologic malignancies, including cases involving mRCC. 

Herein, we evaluated mRCC patients with rapid disease progression clinically or 

objectively diagnosed using imaging evaluation with immediate progressive disease 
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(immediate PD), which is defined as an acceleration of cancer-related symptoms, after 

nivolumab therapy initiation. The prognostic impact and risk factors of immediate PD 

were analyzed.   
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2. Materials and methods 

2.1. Study design 

In our department and its affiliated institution, 42 patients received nivolumab 

administration at least once for previously treated mRCC between June 2013 and October 

2017. After exclusion of two patients whose clinical data were lacking, the remaining 40 

patients were evaluated in this study. 

The Internal Ethics Review Boards of the Tokyo Women’s Medical University and 

Tokyo Women’s Medical University Medical Center East approved this multi-

institutional retrospective study (ID: 4717), which was performed in accordance with the 

principles of the Declaration of Helsinki. All clinical and laboratory data were extracted 

from the electronic database and patient medical records. 

 

2.2. Protocol of nivolumab therapy 

The protocol of nivolumab therapy is based on that used in the previous pivotal study 

[1]. Briefly, nivolumab was intravenously administered every two weeks. Dose 

modifications were not permitted in any cases. Otherwise, an interval of administration 

could be modified according to patients’ conditions or cases with onset of drug-induced 

adverse events. In all cases, nivolumab was administered in patients with previously 

treated mRCC based on the consensus guidelines [5]. A detailed regimen of sequential 

molecular-targeted therapy is described in our previous studies [11-13]. 

Post-treatment follow-up scans obtained using computed tomography or magnetic 

resonance imaging of the chest, abdomen, and pelvis were taken at regular 4- to 12-week 

intervals, depending on the patients’ conditions. Drugs were administered until disease 

progression or intolerable adverse events were observed. 
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2.3. Definition of immediate PD and evaluation of objective response during nivolumab 

therapy 

We defined immediate PD as progressive disease that was clinically or objectively 

diagnosed using imaging examination with an acceleration of cancer-related symptoms. 

In addition, immediate PD was defined as a disease that developed within the initial two 

cycles of nivolumab therapy and required the permanent termination of nivolumab 

therapy. 

Specifically, the clinical definition of immediate PD was based on the cancer-related 

symptoms. Cancer-related symptom was defined as a symptom that was physically or 

directly caused by tumor growth or infiltration of surrounding tissues. For example, when 

a patient had back pain caused by a spinal metastatic tumor growth, this pain was defined 

as a cancer-related symptom. Meanwhile, worsening of the general condition such as 

cancer cachexia that was indirectly or systematically caused by disease progression was 

considered as clinical immediate PD. 

The definition of objective immediate PD was assessed using imaging evaluation 

based on the standard Response Evaluation Criteria in Solid Tumors (RECIST) version 

1.1 [14]. We evaluated the tumor response of target lesions, non-target lesions, and new 

lesions, with each classification defined as follows: target lesion growth was defined as 

an increase of ≥20% in the sum of diameters of the target lesions, taking the smallest sum 

observed in the study as reference. In addition to a relative increase of 20%, the sum had 

to demonstrate an absolute increase of at least 5 mm. The unequivocal progression of 

existing non-target lesions and the appearance of new malignant lesions were defined as 

disease progression. 
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2.4. Statistical analysis 

Continuous variables were analyzed using the Mann-Whitney U test, and categorical 

variables were analyzed using the Fisher’s exact test. Time to progression (TTP) and 

progression-free survival (PFS) were defined as the time from prior therapy initiation to 

the date of progression and from nivolumab therapy initiation to the date of progression, 

respectively. OS was defined as the time from nivolumab therapy initiation to the date of 

death from any cause. Survival was calculated using the Kaplan-Meier method and 

compared using the log-rank test. Univariate logistic regression analysis was used to 

identify risk factors for immediate PD development. Risk was expressed as odds ratio 

(ORs) and 95% confidence intervals (CIs). All statistical analyses were conducted using 

JMP software (version 11; SAS Institute Inc., Cary, NC, USA), and p<0.05 indicated 

statistical significance. 
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3. Results 

3.1. Patient background 

In total, immediate PD developed in seven patients (17.5%). The median time from 

nivolumab therapy initiation to immediate PD onset was 14 days (interquartile range: 12-

16 days). Table 1 shows the baseline patient characteristics. At the time of nivolumab 

therapy initiation, 30 patients (75.0%) were classified into the intermediate MSKCC risk 

group (based on the Motzer’s risk classification [15]). Nivolumab was administered as a 

second-line agent in 16 patients (40.0%), and tyrosine kinase inhibitors were frequently 

used as the first-line targeted therapy (n=39, 97.5%). The patients were divided into two 

groups based on immediate PD development; poor performance status (≥2) (57.1% vs. 

6.1%, p=0.0006), poor MSKCC risk (57.1% vs. 15.2%, p=0.0337), and shorter duration 

of TTP prior to nivolumab (<6 months) (85.7% vs. 30.3%, p=0.0109) were frequently 

observed in patients with immediate PD compared to those without immediate PD. 

Furthermore, the percentage of female patients tended to be higher in the immediate PD 

group (57.1% vs. 18.2%, p=0.052). There were no significant differences in any other 

clinicopathological factors between the two groups (all p>0.05). As expected, the follow-

up duration was significantly shorter in patients with immediate PD (median: 1.41 vs. 

10.0 months, p=0.0002). 

 

3.2. Patient survival after immediate PD development 

During the follow-up, 25 (62.5%) and 12 (30.0%) patients among the total number of 

patients experienced disease progression and death due to any cause. Figure 1 shows PFS 

and OS after nivolumab therapy initiation according to immediate PD development. 

Patients with immediate PD had a significantly shorter duration of PFS and OS compared 
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to those without immediate PD (median PFS: 0.66 [95% CI: 0.13-1.38] vs. 10.5 [95% CI: 

7.30-36.6] months, p<0.0001; OS: 1.41 months [95% CI: 0.72-2.99] vs. not reached [95% 

CI: 21.4-not reached], p<0.0001). 

 

3.3. Risk factors for immediate PD development 

Table 2 shows the results of the univariate analysis for risk factors of immediate PD 

development. The univariate analysis showed that female sex (OR: 6.00, 95% CI: 1.05-

34.1, p=0.0434), poor MSKCC risk (OR: 7.47, 95% CI: 1.27-44.0, p=0.0263), and shorter 

duration of prior TTP (OR: 13.8, 95% CI: 1.46-130.1, p=0.0218) were associated with 

immediate PD development. 

 

3.4. Individual clinical profiles in patients with immediate PD 

Table 3 shows individual clinical profiles in the seven patients with immediate PD 

development. In four patients, performance status was poor and the corresponding risk 

was classified into poor risk. Acute respiratory failure due to rapid lung metastasis was 

observed in three patients. Only one patient (patient 6) received sequential targeted 

therapy after immediate PD and happened to have longer survival compared to the other 

patients (Figure 2). As for components of immediate PD, target lesion growth 

with/without appearance of new lesions was observed in three patients (patients 2, 6, and 

7) (Supplementary Figure 1), whereas the appearance of new lesions with/without non-

target lesion growth was found in three patients (patients 1, 4 and 5) (Figure 3). In patient 

3, although imaging evaluation of immediate PD was not conducted, the cancer-related 

cachexia was rapidly accelerated, and we determined that the patient could be included 

in this study based on the definition of immediate PD.   
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4. Discussion 

In this study, seven (17.5%) of 40 patients experienced immediate PD after nivolumab 

therapy for mRCC. Immediate PD developed with substantial incidence and seriously 

deteriorated patient prognoses. Female sex, poor risk, and shorter duration of prior TTP 

were indicated to be associated with immediate PD. To the best of our knowledge, this is 

the first study to evaluate the prognostic impact and predictive factors for rapid disease 

progression after ICI therapy for mRCC. Because immediate PD was defined as rapid 

disease progression diagnosed clinically or objectively in this study, we believe that the 

present data can reflect the situation in real-world clinical practice. 

Champiat et al. [7] reported that 9% of patients were considered to have 

hyperprogression with various types of cancers after corresponding prior therapies. In 

their cohort, however, hyperprogression was not observed in patients with mRCC (0/9 

patients). In another study, a higher proportion (29%) of patients underwent 

hyperprogression after anti-PD-1/PD-L1 therapy for advanced head and neck squamous 

cell carcinoma [8]. In this context, we focused on clinical disease progression additional 

to the imaging evaluation, and the findings were believed to reflect the real-world clinical 

situations. 

Patient prognosis after immediate PD appeared to be extremely poor, which was 

consistent with the findings of previous studies [8, 16]. Only one patient (patient 6) 

received sequential targeted therapy, and the prognosis appeared to be relatively favorable. 

This might indicate that, even after immediate PD, sequential therapy was a feasible 

option in this patient [13, 17, 18]. However, the possible benefit of sequential therapy 

should be assessed via further prospective controlled studies with a larger sample. 

We found that female sex, poor risk, and shorter prior TTP might be used to predict 
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the immediate PD development. Thus, upon further validation of data, consideration of 

these factors has the potential to avoid immediate PD and contribute to the improvement 

of treatment strategies. Male sex was previously indicated as a preferable factor for OS 

[1], and a recent systematic review and meta-analysis study also showed that therapeutic 

efficacy of ICI therapy was sex-dependent [19]. In addition, sex-related differences of 

immune response in cancer microenvironment have been indicated [20, 21]. A shorter 

prior TTP might reflect a high aggressiveness of the disease. Thus, possibly, the rapidly 

growing tumor cannot be suppressed even by nivolumab, which has a higher objective 

response rate than molecular-targeted therapies [1, 22]. 

Interestingly, patient 5 of the present study developed a cerebral hemorrhage from a 

new brain metastasis (Table 3). In this case, the brain metastasis could have existed before 

nivolumab was started, albeit undetected because of the lack of neurological symptoms. 

It may suggest that an untreated metastatic brain disease can be a factor in the critically 

deteriorating patient prognosis, as reported in a previous study regarding non–small-cell 

lung cancer [23]. 

It is difficult to identify whether the rapid disease progression, namely 

hyperprogression or immediate PD, is caused by nivolumab or just reflected the nature of 

aggressive disease. The disease treated with nivolumab may have already hovered 

inherent aggressiveness or resistance to any therapies. Another concern is that the 

withdrawal of prior targeted therapy after a long-term response may reflect the rapid 

disease progression [24, 25]. The immune microenvironment plays a dual role: both anti-

tumor and cancer-promoting effects [26-29]. Furthermore, changes in immune-modifying 

factors encoding genomic or epigenetic alterations can affect the variability in the tumor 

response [9, 30-32]. Once we can determine whether the immune microenvironment is 
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unexpectedly altered and becomes “tolerant to cancer” after nivolumab therapy, we can 

demonstrate that immediate PD is caused by nivolumab. However, it is merely a 

conjecture at this point, and further basic research investigating the immune 

microenvironment alterations during nivolumab therapy is needed to elucidate the 

mechanism of immediate PD. 

In addition, ICI therapy has been approved in first-line setting for untreated advanced 

renal cancer according to a result from a phase III trial “CheckMate 214” [22]. Thus, we 

should monitor whether the same phenomenon develops even in the first-line setting 

where there is no influence of prior therapies. 

This study has several limitations. First, this was a retrospective study conducted 

using limited sample with heterogeneous patient background such as regimens of prior 

therapies in only two institutions. Therefore, the findings could be affected by unrevealed 

factors or biases. In addition, only univariate analysis was carried out due to the limited 

sample size and few incidences of immediate PD development. Second, we did not 

evaluate the possibilities for pseudoprogression in the seven patients because subsequent 

imaging evaluation, which were needed for diagnosis of pseudoprogression [16, 33], was 

not performed because of the patients’ clinical course. However, we considered 

possibility of pseudoprogression to be low because the distinctive worsening of 

symptoms was concomitant with the progression of the disease in all the patients. Third, 

there was some time lag between time at baseline imaging and time at therapy initiation, 

as shown in Table 3. Thus, the disease might have already progressed before nivolumab 

therapy, and this could raise one interpretation that the nature of disease was in part 

involved in immediate PD. Taken together, the present finding should be assessed in 

future prospective studies with homogeneous treatment profiles.   
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5. Conclusions 

This study showed that immediate PD developed in a subset of mRCC patients after 

nivolumab therapy and could significantly deteriorate patient prognoses. Furthermore, 

female sex, poor risk, and shorter prior TTP might be effective predictive factors for 

immediate PD development. Although these findings have limited evidence due to the 

nature of study design, the data have potential to improve treatment strategy of mRCC in 

ICI treatment era. Therefore, further prospective studies are required to assess these 

findings.   



Immediate PD after nivolumab in mRCC  Ishihara et al. 

15 
 

Acknowledgments 

The authors thank Dr. Kana Iwamoto (Department of Urology, Tokyo Women’s Medical 

University Medical Center East) for assisting with the data collection and Nobuko Hata 

(Department of Urology, Tokyo Women’s Medical University) for secretarial work. 

 

Compliance with Ethical Standards 

Disclosure of Conflict of Interest 

Tsunenori Kondo received honoraria from Pfizer, Bayer, and Novartis. No external 

funding was used in the preparation of this manuscript. All other authors have no conflicts 

of interest to declare. 

 

Research 

The Internal Ethics Review Board of Tokyo Women’s Medical University approved this 

retrospective study (ID: 4717). For this type of study, formal consent is not required.  



Immediate PD after nivolumab in mRCC  Ishihara et al. 

16 
 

References 

1. Motzer RJ, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S et al. 

Nivolumab versus Everolimus in Advanced Renal-Cell Carcinoma. The New England journal 

of medicine. 2015;373(19):1803-13. doi:10.1056/NEJMoa1510665. 

2. Escudier B, Sharma P, McDermott DF, George S, Hammers HJ, Srinivas S et al. 

CheckMate 025 Randomized Phase 3 Study: Outcomes by Key Baseline Factors and Prior 

Therapy for Nivolumab Versus Everolimus in Advanced Renal Cell Carcinoma. European 

urology. 2017. doi:10.1016/j.eururo.2017.02.010. 

3. Cella D, Grunwald V, Nathan P, Doan J, Dastani H, Taylor F et al. Quality of life in patients 

with advanced renal cell carcinoma given nivolumab versus everolimus in CheckMate 025: a 

randomised, open-label, phase 3 trial. The Lancet Oncology. 2016;17(7):994-1003. 

doi:10.1016/s1470-2045(16)30125-5. 

4. Tomita Y, Fukasawa S, Shinohara N, Kitamura H, Oya M, Eto M et al. Nivolumab versus 

everolimus in advanced renal cell carcinoma: Japanese subgroup analysis from the 

CheckMate 025 study. Japanese journal of clinical oncology. 2017:1-8. doi:10.1093/jjco/hyx049. 

5. Motzer RJ, Jonasch E, Agarwal N, Bhayani S, Bro WP, Chang SS et al. Kidney Cancer, 

Version 2.2017, NCCN Clinical Practice Guidelines in Oncology. Journal of the National 

Comprehensive Cancer Network : JNCCN. 2017;15(6):804-34. doi:10.6004/jnccn.2017.0100. 

6. Clarke JM, George DJ, Lisi S, Salama AKS. Immune Checkpoint Blockade: The New 

Frontier in Cancer Treatment. Targeted oncology. 2018;13(1):1-20. doi:10.1007/s11523-017-

0549-7. 

7. Champiat S, Dercle L, Ammari S, Massard C, Hollebecque A, Postel-Vinay S et al. 

Hyperprogressive Disease Is a New Pattern of Progression in Cancer Patients Treated by 

Anti-PD-1/PD-L1. Clinical cancer research : an official journal of the American Association 

for Cancer Research. 2017;23(8):1920-8. doi:10.1158/1078-0432.ccr-16-1741. 

8. Saada-Bouzid E, Defaucheux C, Karabajakian A, Coloma VP, Servois V, Paoletti X et al. 

Hyperprogression during anti-PD-1/PD-L1 therapy in patients with recurrent and/or 

metastatic head and neck squamous cell carcinoma. Annals of oncology : official journal of 

the European Society for Medical Oncology. 2017;28(7):1605-11. doi:10.1093/annonc/mdx178. 

9. Kato S, Goodman A, Walavalkar V, Barkauskas DA, Sharabi A, Kurzrock R. 

Hyperprogressors after Immunotherapy: Analysis of Genomic Alterations Associated with 

Accelerated Growth Rate. Clinical cancer research : an official journal of the American 

Association for Cancer Research. 2017;23(15):4242-50. doi:10.1158/1078-0432.ccr-16-3133. 

10. Brower V. Hyperprogressive disease with anti-PD-1 and anti-PD-L1. The Lancet Oncology. 

2016;17(12):e527. doi:10.1016/s1470-2045(16)30590-3. 

11. Ishihara H, Kondo T, Fukuda H, Yoshida K, Omae K, Takagi T et al. Evaluation of renal 



Immediate PD after nivolumab in mRCC  Ishihara et al. 

17 
 

function change during first-line tyrosine kinase inhibitor therapy for metastatic renal cell 

carcinoma. Japanese journal of clinical oncology. 2017;47(12):1175-81. 

doi:10.1093/jjco/hyx161. 

12. Ishihara H, Kondo T, Yoshida K, Omae K, Takagi T, Iizuka J et al. Time to progression 

after first-line tyrosine kinase inhibitor predicts survival in patients with metastatic renal 

cell carcinoma receiving second-line molecular-targeted therapy. Urologic oncology. 

2017;35(9):542.e1-.e9. doi:10.1016/j.urolonc.2017.05.014. 

13. Ishihara H, Takagi T, Kondo T, Tachibana H, Yoshida K, Omae K et al. Efficacy and safety 

of third-line molecular-targeted therapy in metastatic renal cell carcinoma resistant to first-

line vascular endothelial growth factor receptor tyrosine kinase inhibitor and second-line 

therapy. International journal of clinical oncology. 2018. doi:10.1007/s10147-018-1241-3. 

14. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R et al. New 

response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). 

European journal of cancer (Oxford, England : 1990). 2009;45(2):228-47. 

doi:10.1016/j.ejca.2008.10.026. 

15. Motzer RJ, Bacik J, Schwartz LH, Reuter V, Russo P, Marion S et al. Prognostic factors 

for survival in previously treated patients with metastatic renal cell carcinoma. Journal of 

clinical oncology : official journal of the American Society of Clinical Oncology. 

2004;22(3):454-63. doi:10.1200/jco.2004.06.132. 

16. Wolchok JD, Hoos A, O'Day S, Weber JS, Hamid O, Lebbe C et al. Guidelines for the 

evaluation of immune therapy activity in solid tumors: immune-related response criteria. 

Clinical cancer research : an official journal of the American Association for Cancer Research. 

2009;15(23):7412-20. doi:10.1158/1078-0432.ccr-09-1624. 

17. Seidel C, Busch J, Weikert S, Steffens S, Fenner M, Ganser A et al. Progression free 

survival of first line vascular endothelial growth factor-targeted therapy is an important 

prognostic parameter in patients with metastatic renal cell carcinoma. European journal of 

cancer (Oxford, England : 1990). 2012;48(7):1023-30. doi:10.1016/j.ejca.2012.02.048. 

18. Wells JC, Stukalin I, Norton C, Srinivas S, Lee JL, Donskov F et al. Third-line Targeted 

Therapy in Metastatic Renal Cell Carcinoma: Results from the International Metastatic 

Renal Cell Carcinoma Database Consortium. European urology. 2017;71(2):204-9. 

doi:10.1016/j.eururo.2016.05.049. 

19. Conforti F, Pala L, Bagnardi V, De Pas T, Martinetti M, Viale G et al. Cancer 

immunotherapy efficacy and patients' sex: a systematic review and meta-analysis. The 

Lancet Oncology. 2018;19(6):737-46. doi:10.1016/s1470-2045(18)30261-4. 

20. Klein SL, Flanagan KL. Sex differences in immune responses. Nature reviews 

Immunology. 2016;16(10):626-38. doi:10.1038/nri.2016.90. 



Immediate PD after nivolumab in mRCC  Ishihara et al. 

18 
 

21. Lin PY, Sun L, Thibodeaux SR, Ludwig SM, Vadlamudi RK, Hurez VJ et al. B7-H1-

dependent sex-related differences in tumor immunity and immunotherapy responses. 

Journal of immunology (Baltimore, Md : 1950). 2010;185(5):2747-53. 

doi:10.4049/jimmunol.1000496. 

22. Motzer RJ, Tannir NM, McDermott DF, Aren Frontera O, Melichar B, Choueiri TK et al. 

Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. The New 

England journal of medicine. 2018;378(14):1277-90. doi:10.1056/NEJMoa1712126. 

23. Kanai O, Fujita K, Okamura M, Nakatani K, Mio T. Severe exacerbation or manifestation 

of primary disease related to nivolumab in non-small-cell lung cancer patients with poor 

performance status or brain metastases. Annals of oncology : official journal of the European 

Society for Medical Oncology. 2016;27(7):1354-6. doi:10.1093/annonc/mdw148. 

24. Iacovelli R, Massari F, Albiges L, Loriot Y, Massard C, Fizazi K et al. Evidence and 

Clinical Relevance of Tumor Flare in Patients Who Discontinue Tyrosine Kinase Inhibitors 

for Treatment of Metastatic Renal Cell Carcinoma. European urology. 2015;68(1):154-60. 

doi:10.1016/j.eururo.2014.10.034. 

25. Chaft JE, Oxnard GR, Sima CS, Kris MG, Miller VA, Riely GJ. Disease flare after tyrosine 

kinase inhibitor discontinuation in patients with EGFR-mutant lung cancer and acquired 

resistance to erlotinib or gefitinib: implications for clinical trial design. Clinical cancer 

research : an official journal of the American Association for Cancer Research. 

2011;17(19):6298-303. doi:10.1158/1078-0432.ccr-11-1468. 

26. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune set point. 

Nature. 2017;541(7637):321-30. doi:10.1038/nature21349. 

27. Manson G, Norwood J, Marabelle A, Kohrt H, Houot R. Biomarkers associated with 

checkpoint inhibitors. Annals of oncology : official journal of the European Society for Medical 

Oncology. 2016;27(7):1199-206. doi:10.1093/annonc/mdw181. 

28. Pollard JW. Tumour-educated macrophages promote tumour progression and metastasis. 

Nature reviews Cancer. 2004;4(1):71-8. doi:10.1038/nrc1256. 

29. DeNardo DG, Andreu P, Coussens LM. Interactions between lymphocytes and myeloid 

cells regulate pro- versus anti-tumor immunity. Cancer metastasis reviews. 2010;29(2):309-

16. doi:10.1007/s10555-010-9223-6. 

30. Sen DR, Kaminski J, Barnitz RA, Kurachi M, Gerdemann U, Yates KB et al. The 

epigenetic landscape of T cell exhaustion. Science (New York, NY). 2016;354(6316):1165-9. 

doi:10.1126/science.aae0491. 

31. Miao D, Margolis CA, Gao W, Voss MH, Li W, Martini DJ et al. Genomic correlates of 

response to immune checkpoint therapies in clear cell renal cell carcinoma. Science (New 

York, NY). 2018;359(6377):801-6. doi:10.1126/science.aan5951. 



Immediate PD after nivolumab in mRCC  Ishihara et al. 

19 
 

32. Pan D, Kobayashi A, Jiang P, Ferrari de Andrade L, Tay RE, Luoma AM et al. A major 

chromatin regulator determines resistance of tumor cells to T cell-mediated killing. Science 

(New York, NY). 2018;359(6377):770-5. doi:10.1126/science.aao1710. 

33. Tazdait M, Mezquita L, Lahmar J, Ferrara R, Bidault F, Ammari S et al. Patterns of 

responses in metastatic NSCLC during PD-1 or PDL-1 inhibitor therapy: Comparison of 

RECIST 1.1, irRECIST and iRECIST criteria. European journal of cancer (Oxford, England : 

1990). 2018;88:38-47. doi:10.1016/j.ejca.2017.10.017. 

 



Immediate PD after nivolumab in mRCC  Ishihara et al. 

20 
 

Figure legends 

Figure 1. Progression-free and overall survival after nivolumab therapy initiation 

according to immediate PD development 

Progression-free and overall survival were significantly shorter in patients with 

immediate PD (n=7) compared to those without immediate PD (n=33) (median 

progression-free survival: 0.66 vs. 10.5 months, p<0.0001; overall survival: 1.41 months 

vs. not reached, p<0.0001). 

PD, progressive disease; CI, confidence interval; N.A., not applicable 

 

Figure 2. Time to immediate PD onset and subsequent patient prognosis shown by a 

swimmer plot 

All patients died of cancer. 

 

Figure 3. Changes in the sum of the diameters of the target lesions and the objective 

response rate from baseline to initial evaluation 

Patient 4 was excluded due to a lack of imaging evaluation after immediate PD. Initial 

imaging evaluation was performed at the time of immediate PD development in six 

patients. 
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Table 1. Baseline patient characteristics according to the presence of immediate PD development 

Variable All (n=40) With immediate 

PD (n=7) 

Without immediate 

PD (n=33) 

p 

Sex 
   

0.052 

Female (reference: male) 10 (25.0%) 4 (57.1%) 6 (18.2%) 
 

Age, years 
   

0.432 

≥65 (reference: <65) 23 (57.5%) 3 (42.9%) 20 (60.6%) 
 

Histology 
   

1a 

Clear-cell carcinoma 33 (82.5%) 6 (85.7%) 27 (81.8%) 
 

Papillary renal cell carcinoma type II 2 (5.0%) 0 2 (6.1%)  

Xp 11.2 translocation renal cell carcinoma 2 (5.0%) 0 2 (6.1%)  

Mucinous tubular and spindle cell carcinoma  1 (2.5%) 1 (14.3%) 0  

Others/unknown 2 (5.0%) 0 2 (6.1%)  

Performance status at nivolumab therapy initiation    0.0006b 

0 27 (67.5%) 1 (14.3%) 26 (78.8%)  

1 7 (17.5%) 2 (28.6%) 5 (15.2%)  

≥2 6 (15.0%) 4 (57.1%) 3 (6.1%)  

MSKCC risk at nivolumab therapy initiation 
   

0.0337c 

Favorable 1 (2.50%) 0 1 (3.03%) 
 

Intermediate 30 (75.0%) 3 (42.9%) 27 (81.8%) 
 

Poor 9 (22.5%) 4 (57.1%) 5 (15.2%) 
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Number of prior therapies 
   

1 

1 (reference: ≥ 2) 16 (40.0%) 3 (42.9%) 13 (39.4%) 
 

Prior cytokine therapy 
   

1 

With 7 (17.5%) 1 (14.3%) 6 (18.2%) 
 

First-line targeted therapy 
   

1d 

TKI 39 (97.5%) 7 (100%) 32 (97.0%) 
 

Sorafenib 14 (35.0%) 1 (14.3%) 13 (39.4%) 
 

Sunitinib 18 (45.0%) 4 (57.1%) 14 (42.4%) 
 

Axitinib 2 (5.00%) 0 2 (6.06%) 
 

Pazopanib 5 (12.5%) 2 (28.6%) 3 (9.09%) 
 

mTORi 1 (2.50%) 0 1 (3.03%) 
 

Temsirolimus 1 (2.50%) 0 1 (3.03%) 
 

Everolimus 0 0 0 
 

Serum CRP level, mg/dL 
   

0.387 

≥1.0 (reference: < 1.0) 26 (65.0%) 6 (85.7%) 20 (60.6%) 
 

First-line TTP, months 
   

0.679 

<6 (reference: ≥6) 14 (35.0%) 3 (42.9%) 11 (33.3%) 
 

Prior-line TTP, months 
   

0.0109 

<6 (reference: ≥6) 16 (40.0%) 6 (85.7%) 10 (30.3%) 
 

Number of metastatic sites 
   

0.681 

Multiple (reference: single) 24 (60.0%) 5 (71.4%) 19 (57.6%) 
 

Liver metastasis 
   

0.0878 



3 
 

Presence (reference: absence) 7 (17.5%) 3 (42.9%) 4 (12.1%) 
 

Follow-up period, monthse 9.14 (4.43-12.1) 1.41 (1.25-2.99) 10.0 (7.27-14.3) 0.0002 
a Clear-cell carcinoma vs. non-clear-cell carcinoma. b ≤1 vs. ≥2. c Favorable/intermediate vs. poor. d TKI vs. mTORi. e Median (interquartile range). 

PD, progressive disease; MSKCC, Memorial Sloan Kettering Cancer Center; TKI, tyrosine kinase inhibitor; mTORi, mammalian target of rapamycin inhibitor; CRP, 

C-reactive protein; TTP, time to progression.  
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Table 2. Univariate analysis for risk factors of immediate PD development 

Variable Univariate OR (95% CI) p 

Sex 
  

Female (reference: male) 6 (1.05-34.1) 0.0434 

Age, years 
  

≥65 (reference: <65) 0.49 (0.09-2.54) 0.394 

Histology 
  

Clear-cell carcinoma (reference: non-clear-cell carcinoma) 1.33 (0.134-13.2) 0.806 

MSKCC risk at nivolumab therapy initiation 
  

Poor (reference: favorable/intermediate) 7.47 (1.27-44.0) 0.0263 

Number of prior therapies 
  

1 (reference: ≥2) 1.15 (0.22-6.02) 0.865 

Prior cytokine therapy 
  

With 0.75 (0.076-7.44) 0.806 

First-line targeted therapy 
  

mTORi (reference: TKI) 1.14E-06 0.995 

Serum CRP level, mg/dL 
  

≥1.0 (reference: <1.0) 3.9 (0.42-36.2) 0.232 

First-line TTP, months 
  

<6 (reference: ≥6) 1.50 (0.28-7.91) 0.633 

Prior-line TTP, months 
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<6 (reference: ≥6) 13.8 (1.46-130.1) 0.0218 

Number of metastatic sites 
  

Multiple (reference: single) 1.84 (0.31-10.9) 0.501 

Liver metastasis 
  

Presence (reference: absence) 5.44 (0.88-33.8) 0.0691 

OR, odds ratio; CI, confidence interval. 
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Table 3. Individual clinical profiles in patients with immediate PD 

Patie

nt 

Age 

(year

s)/sex 

Prior 

therapy 

to 

nivolum

ab 

Line of 

nivolum

ab 

Comorbi

dity 

Metastat

ic sites 

MSKCC PS TTP of 

prior 

therapy, 

months 

Days from 

therapy 

initiation to 

event (TTP of 

nivolumab) 

Days from 

baseline 

imaging to 

event 

Events as 

immediate 

PD 

Patterns 

of PD 

according 

to the 

RECIST 

1 63/M Cytokine

s, 

pazopani

b, 

axitinib 

Fourth-

line  

Dyslipid

emia  

Lung, 

liver, 

adrenal, 

kidney 

Intermed

iate  

0 3.65 13 16 Carcinoma

tous 

lymphangi

osis due to 

rapid lung 

metastasis 

Non-target 

lesion 

growth and 

appearance 

of new 

lesions 

2 66/F Pazopani

b, 

sorafenib

, axitinib 

Fourth-

line 

Hyperten

sion 

Bone, 

liver, 

lymph 

node 

Poor 2 15.8 12 16 Acute 

paralysis 

due to 

rapid 

tumor 

growth of 

spinal 

metastasis 

Target 

lesion 

growth 

3 63/F Sunirinib Second-

line 

None Lymph 

node 

Poor 2 5.92 16 65 Rapid 

cancer-

related 

Not 

evaluated  
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cachexic 

acceleratio

n 

4 71/F Sunitinib

, axitinib 

Third-

line 

Colon 

cancera 

Lung, 

kidney, 

lymph 

node 

Poor 2 4.54 2 14 Acute 

respiratory 

failure due 

to rapid 

lung 

metastasis 

Non-target 

lesion 

growth and 

appearance 

of new 

lesions 

5 64/M Sunitinib

, axitinib, 

everolim

us 

Fourth-

line 

None Lung, 

liver, 

renal 

pelvis, 

lymph 

node 

Poor 2 1.12 14 42 Cerebral 

hemorrhag

e from 

brain 

metastasis  

Appearanc

e of new 

lesions 

6 41/M Sunitinib Second-

line 

None  Lymph 

node 

Intermed

iate 

1 2.47 14 28 Back pain 

due to 

rapid 

tumor 

growth of 

retroperito

neal lymph 

node 

Target 

lesion 

growth and 

appearance 

of new 

lesions 
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metastasis 

7 75/F Sorafeni

b 

Second-

line 

None Lung, 

lymph 

node 

Intermed

iate  

1 3.06 28 47 Acute 

respiratory 

failure due 

to rapid 

lung 

metastasis 

Target 

lesion 

growth and 

appearance 

of new 

lesions 

Medi

an 

(inter

quart

ile 

rang

e) 

64 

(63-

71) 

     2 

(1-

2) 

3.65 

(2.47-

5.92) 

14 (12-16) 28 (16-47)   

a Treated 10 years ago for an early-stage cancer, and the disease appeared to be in remission. 

PS, performance status; RECIST, Response Evaluation Criteria in Solid Tumors. 



With:           0.66 months (95% CI: 0.13–1.02)
Without:     10.5 months (95% CI: 7.30–36.6)

p < 0.0001

With:        1.41 months (95% CI: 0.72–2.99)
Without:   not reached (95% CI: 21.4–N.A.)

p < 0.0001

Months after nivolumab therapy Months after nivolumab therapy
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Supplementary Figure 1. Representative imaging showing immediate PD in 
two cases

(A) In patient 2, a spinal metastasis at the first lumbar vertebra grew.
(B) In patient 6, retroperitoneal metastases grew and spread.
Ao, aorta; L, liver; S, spleen.


