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Abstract

Objectives—Despite immune checkpoint inhibitor (ICI) approval for metastatic renal cell 

carcinoma (mRCC) in 2015, cytoreductive nephrectomy (CN) is guided by extrapolation from 

earlier classes of therapy. We evaluated survival outcomes, timing, and safety of combining CN 

with modern immunotherapy (IO) for mRCC.

Methods—From 96,329 renal cancer cases reported to the NCDB between 2015–2016, we 

analyzed 391 surgical candidates diagnosed with clear cell mRCC treated with IO±CN and no 

other systemic therapies. Primary outcome was overall survival (OS) stratified by the per formance 

of CN (CN+IO vs. IO alone). Secondary outcomes included OS stratified by the timing of CN, 

pathologic findings, and perioperative outcomes.

Results—Of 391 patients, 221 (56.5%) received CN+IO and 170 (43.5%) received IO only. 

Across a median follow-up of 14.7 months, patients who underwent CN+IO had superior OS 
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(median NR vs. 11.6 mos.; HR 0.23, p<0.001), which was upheld on multivariable analyses. IO 

before CN resulted in lower pT stage, grade, tumor size, and lymphovascular invasion rates 

compared to upfront CN. Two of 20 patients (10%) undergoing CN post-IO achieved complete 

pathologic response in the primary tumor (pT0). There were no positive surgical margins, 30-day 

readmissions, or prolonged length-of-stay in patients undergoing delayed CN.

Conclusion—Using a large, national, registry-based cohort, we provide the first report of 

survival outcomes in mRCC patients treated with CN combined with modern IO. Our findings 

support an oncologic role for CN in the ICI era and provide preliminary evidence regarding the 

timing and safety of CN relative to IO administration.
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INTRODUCTION

Kidney cancer accounts for nearly 15,000 deaths annually in the United States (U.S.).1 At 

diagnosis, approximately 30–40% of patients already harbor metastatic disease,2 and 5-year 

survival rates for these patients have traditionally been dismal, ranging from 0–20%.3–5 

Recently, immune checkpoint inhibitors (ICI) have revolutionized the contemporary 

management of immunogenic malignancies, including metastatic renal cell carcinoma 

(mRCC). The seminal CheckMate 025 trial heralded the modern immunotherapy (IO) era 

for mRCC resulting in the approval of the first ICI agent (nivolumab) to treat mRCC in 

2015.6 Thereafter, several combination ICI regimens gained frontline approval based on 

results of the CheckMate 214 (nivolumab and ipilimumab),7 KEYNOTE-426 

(pembrolizumab and axitinib),8 and JAVELIN Renal 101 (avelumab and axitinib)9 trials.

With this new class of therapy, the role for surgically removing the primary tumor remains 

unknown. The first trials to investigate the benefit of offering cytoreductive nephrectomy 

(CN) in mRCC were conducted in the cytokine era.10,11 A combined analysis of these trials, 

which compared interferon-alpha (IFN-α) alone versus IFN-α plus CN, revealed a 31% 

decrease in the risk of death and a median survival advantage of 5.8 months in support of 

CN.12 Survival benefits with CN in the targeted era have also been seen in multiple 

retrospective studies, including population-based analyses of the Surveillance, 

Epidemiology, and End Results (SEER) registry and National Cancer Database (NCDB),
13–17 along with a meta-analysis.18

The recent randomized, phase III CARMENA trial, however, challenged this notion by 

demonstrating non-inferiority of sunitinib alone compared to sunitinib combined with CN.19 

While interpretation of the results from CARMENA is nuanced, the trial highlights the 

evolving question of when—and for whom—CN is indicated. Furthermore, as ICIs 

increasingly gain popularity among medical oncologists over sunitinib as the standard-of-

care for treating mRCC, the relevance of the CARMENA trial in the ICI era is questionable. 

Without any published data regarding the role of combining CN with ICI, current clinical 

practice is guided by extrapolation from these earlier studies.
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Thus, there is an urgent clinical need to elucidate the role, candidacy, and timing of offering 

CN to patients treated with ICI. Herein, using the NCDB, we provide the first report of 

survival outcomes in mRCC patients treated with CN combined with modern IO approaches 

versus IO alone. Among patients who received CN, we also evaluate the timing of CN in 

relation to IO administration and the safety of CN after IO.

METHODS

Data Source

The NCDB is sponsored by the American College of Surgeons (ACS) and the American 

Cancer Society, and it collects data on malignancies from ACS-Commission on Cancer 

(CoC)-accredited facilities. It includes approximately 70% of all malignancies diagnosed in 

the U.S. from over 1,500 facilities.20–22 Abstractors are trained using standard methodology 

to collect data on patient demographics, tumor characteristics, treatments, and survival data.
22 Institutional review board approval was waived because NCDB data are deidentified for 

both patient and facility.

Study Population

There were 96,329 cases of renal cancer reported to the NCDB between 2015 and 2016. As 

ICI approval for mRCC was first granted in 2015,6 cases preceding 2015 were excluded 

from the initial pre-screened cohort. We performed aconservative selection process for our 

final analysis cohort (Supplementary Figure S1). The International Classification of Disease 

for Oncology 3rd edition was used to identify patients diagnosed with predominant clear cell 

RCC histology (codes 8005, 8310, 8312, and 8316), and only patients metastatic at 

diagnosis were included. Receipt of IO was required for inclusion, and patients who received 

any non-IO systemic therapies were excluded to eliminate any potential confounding effects 

on survival outcomes. As a surrogate for surgical candidacy, patients with a Charlson-Deyo 

comorbidity score >2 were also excluded. CN was identified by surgery primary-site codes 

(40, 50, 70, and 80), which records primary surgical treatment at any CoC-affiliated hospital. 

After exclusions, our final cohort consisted of 391 patients diagnosed with clear cell mRCC 

between 2015–2016 who were treated with IO +/− CN and no other systemic therapies.

Variables

Variables of interest included patient demographics, performance of CN, presence of 

sarcomatoid features, primary tumor size, cT stage, cN stage, presence of bone, brain, liver, 

or lung metastases, number of known metastatic sites, and time to receipt of IO from 

diagnosis. Among patients who underwent CN, additional variables of interest included 

performance of lymph node dissection, Fuhrman grade, pT stage, pN stage, lymphovascular 

invasion (LVI), time to surgery from diagnosis, surgical margin status, inpatient length-of-

stay (LOS) for the operative admission, 30-day readmission rates following surgery, and 

timing of CN in relation to IO administration (IO administered before CN (delayed CN) 

versus upfront CN before IO).

Clinical staging was identified by the American Joint Committee (AJCC) cancer staging 

manual, 7th edition. When reported, differences between the clinical (cT) stage at diagnosis 
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and pathologic (pT) stage of the primary tumor were compared. Pathologic downstaging was 

defined as any improvement in pT substage relative to cT substage, and pathologic upstaging 

was defined as any worsening in pT substage relative to cT substage. Complete pathologic 

response of the primary tumor was defined as pT0 stage. Vitality status was reported only 

for patients diagnosed in 2015, as follow-up data for 2016 diagnoses remains immature.

Outcomes and Statistical Analyses

The primary endpoint was overall survival (OS), stratified by the performance of CN (CN

+IO versus IO alone). Baseline clinicopathologic characteristics were compared between the 

two cohorts using chi-square and independent-sample Mann-Whitney U tests for categorical 

and continuous variables, respectively. Missing data were excluded from comparative 

analyses. OS was compared between the two cohorts using Kaplan-Meier methods, and 

differences were analyzed with the log-rank statistic. Clinicopathologic predictors for OS 

were assessed using multivariable Cox regression analyses. Multivariable analyses 

incorporated models involving a priori selection of clinically-relevantcovariates and 

contingent selection of covariates based on significance in univariable analysis.

Secondarily, we sought to evaluate whether the timing of IO administration in relation to CN 

impacts OS, pathologic downstaging, and perioperative outcomes. Patients who received CN 

were stratified according to the timing of first IO administration (before versus after CN).

Clinicopathologic characteristics, surgical margin status, perioperative outcomes, and OS 

were compared between groups. Predictors for OS among patients who received CN+IO 

were identified using multivariable Cox regression analyses.

All statistical analyses were conducted using SPSS version 25.0 (IBM, Armonk, NY). Two-

sided statistical significance was defined as p<0.05.

RESULTS

Impact of CN in patients treated with IO

Our final cohort consisted of 391 patients (183 diagnosed in 2015, 208 diagnosed in 2016), 

including 221 (56.5%) who received CN+IO and 170 (43.5%) who received IO only (Table 

1). Patients who received CN were younger; baseline demographics and Charlson-Deyo 

comorbidity score were otherwise similar between groups. Patients who underwent CN also 

had a larger median primary tumor size. The frequency of clinically positive nodes and 

hepatic metastasis was higher in the IO only group; however, the frequency of brain, bone, 

and pulmonary metastases was comparable between groups, with no significant difference in 

the number of known metastatic sites. Sarcomatoid features were present in 22 patients 

(5.6%) and similarly distributed between groups.

After a median follow-up of 14.7 months among the 183 patients with available outcomes 

data (2015 diagnoses), there were 75 overall deaths (41%). Patients who underwent CN+IO 

had significantly better OS than those who received IO alone (HR 0.23 [95% CI 0.15–0.37], 

Figure 1). Median OS was not reached in the CN+IO group, compared to 11.6 months in the 

IO-only group (p<0.001).
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To account for confounding variables known to affect survival in mRCC, we performed 

multivariable Cox regression analyses to identify predictors of OS using a model defined a 
priori and a separate model in which selected covariates were contingent on significance in 

univariable analysis (Table 2). On univariable analysis, we found that the presence of hepatic 

metastases predicted significantly worse OS (HR 2.68, p=0.002). On multivariable analyses, 

however, receipt of CN remained the strongest and only independent predictor for OS, using 

both the a priori and contingent models.

Impact of CN timing versus IO administration

Next, among patients undergoing CN, we sought to evaluate whether the treatment sequence 

(CN followed by IO versus IO followed by CN) affected outcomes. Pathologic 

characteristics and perioperative outcomes of the CN cohort are summarized in 

Supplementary Table S1. Of the 221 patients, 197 underwent upfront CN, while 24 received 

IO before CN (including 9 who had continuation of IO following CN). Comparing upfront 

versus delayed CN groups (Table 3), patients who received IO first tended to be older and 

more likely to have bone metastases, but pathologically, they tended to have lower Fuhrman 

grade, smaller tumor size, lower pT stage, and less likelihood of LVI. In contrast, patients 

who underwent upfront CN were more likely to have pulmonary metastases. Rates of brain, 

liver, and pathologically positive lymph node (pN1) metastases were similar between 

groups.

Two patients with initial clinical stages of cT3a and cT2b achieved complete pathologic 

response in the primary tumor (pT0) after IO. Pathologic downstaging of the primary tumor 

was twice as frequent in patients who underwent CN after IO compared to those who 

underwent upfront CN, whereas pathologic upstaging was more than twice as frequent for 

the latter, though statistical significance was not achieved (Supplementary Figure S2). 

Likewise, the pN1 rate was twice as high in patients who did not receive IO before CN, 

though this was not significant.

The median time to surgery was delayed by 102 days in patients who received IO first, 

whereas median time to first IO administration was delayed by 41 days in patients who 

underwent upfront CN. With respect to safety of performing CN after prior IO, there were 

notably no positive surgical margins, 30-day readmissions, or prolonged LOS in patients 

undergoing delayed CN (Table 3). Median (IQR) LOS was 4.0 (2.5–4.5) days in patients 

undergoing CN after IO, compared to 3.0 (2.0–5.0) days in those undergoing upfront CN, 

p=0.369.

Among patients with outcomes data available, there were 30 deaths (26%) over a median 

follow-up of 18.9 months, including only 1 death in the delayed CN group (8%) at 21 

months after diagnosis and 29 deaths in the upfront CN group (29%). On Kaplan-Meier 

analysis for OS, although a statistically significant difference was not achieved 

(Supplementary Figure S3), possibly attributable to low sample size, the median OS for the 

delayed CN group was not reached, compared to 30 months for the upfront CN group (HR 

0.25 [95% CI 0.03–1.83]; log-rank p=0.139). On univariable Cox regression analysis, pN1 

stage and the presence of brain metastases were the only significant predictors for worse OS 

(Table 4). Given the number of events, an a priori multivariable Cox regression model was 
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not deployed to mitigate the risk of overfitting. After adjusting for timing of CN, pN1 stage, 

and the presence of bone, liver, or brain metastases, no predictors were significant on 

multivariable analysis.

DISCUSSION

Using a large, national, registry-based cohort that captures approximately 70% of all 

malignancies diagnosed in the U.S.,20–22 we provide the first report of survival outcomes in 

mRCC patients treated with CN combined with modern IO approaches. Patients who 

received CN+IO exhibited significantly better OS than those who received IO alone. Using 

multiple multivariable models, receipt of CN remained the strongest and only independent 

predictor for OS. Furthermore, performing CN after prior IO appeared safe, and these 

patients demonstrated pathologically favourable tumor stage and grade relative to patients 

undergoing upfront CN. Delayed initiation of IO by approximately 6 weeks in these patients 

did not worsen survival outcomes. Taken together, our analyses support an oncologic role for 

CN in the modern IO era and provide preliminary evidence regarding the timing of CN 

relative to IO administration.

The theoretical advantages of offering CN in mRCC include the reduction of de novo 
metastases, facilitation of spontaneous regression, or palliation of malignant symptoms or 

complications.23 These perceived benefits must be weighed against perioperative morbidity 

and mortality, delayed receipt of systemic therapies, or adverse impact on immunity, disease 

progression, or quality-of-life.23 Mechanistically, ICI uniquely block inhibitory signaling 

mediated through CTLA-4 or PD-1/PD-L1 pathways and, in turn, enhance T-cell activation, 

proliferation, and infiltration in tumors to elicit an immune-mediated anti-tumoral response.
24 Despite the immunomodulation induced by these agents, there were no 30-day 

readmissions or positive margins in patients who underwent CN after prior IO, and post-

operative LOS was similar to treatment-naïve patients, attesting to the surgical safety of this 

approach. In an earlier institutional series of 11 cases, we similarly found nephrectomy to be 

both feasible and safe after receipt of ICI based on favorable perioperative outcomes.25

The rationale for combining CN with IO stems from trials conducted in the cytokine era,
10–12 which defined the first generation of IO for mRCC. In those trials (SWOG 8949, 

EORTC 30947), combining CN with IFN-α amounted to a 31% decrease in mortality risk 

and a median OS advantage of 5.8 months over treatment with IFN-α alone.12 While 

encouraging, those results afford considerable room for improvement, which may now be 

possible with the approval of more selective forms of IO. Furthermore, the benefits of 

combining surgical resection of the primary tumor with contemporary ICI agents have been 

shown for other immunogenic cancer types, including lung cancer26 and melanoma,27,28 and 

RCC would be a logical extension. In these studies, ICI administration prior to surgery was 

safe and associated with favorable pathologic response that correlated with molecular 

biomarkers. Although such biomarkers cannot be assessed using the NCDB, ongoing and 

future studies that prospectively evaluate CN after prior ICI provide a unique opportunity to 

study the treated nephrectomy tissue to identify putative molecular biomarkers.
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Among the 20 patients who had pT stage recorded after CN post-IO in the present cohort, 2 

(10%) exhibited complete pathologic response in the primary tumor, concordant with our 

institutional experience.25 Although limited by sample size and lack of pre-treatment 

pathologic information, the downward stage and grade migration, smaller tumor size at CN, 

and lower frequency of LVI in patients who underwent delayed versus upfront CN are 

encouraging. Published literature regarding CN after ICI currently remains limited to case 

reports.29–31 In these reports, tumors that responded well to ICI tended to be infiltrated with 

inflammatory cells and high immunohistochemical expression of PD-1, PD-L1, and CD8, 

while a non-inflamed phenotype was reported in non-responding areas. These case reports 

attest to not only the feasibility of CN after ICI exposure, but also the potential role of tissue 

biomarkers in predicting RCC response to ICI. An integration of clinical, genomic, 

transcriptomic, and/or immunohistochemical expression profiles will likely have an 

important role in identifying which patients would derive oncologic benefit from ICI 

combined with locoregional control.

An important aspect to highlight is the critical role of patient selection in offering CN.32 

Traditional characteristics associated with better outcomes after CN in the targeted therapy 

era include good performance status, absence of brain, hepatic, or osseous metastases, 

absence of sarcomatoid features, and the ability to debulk the majority of the tumor burden.
23,33,34 In the CARMENA trial, patients with poorer risk disease and large metastatic burden 

outside the primary tumor were notably included, which may have contributed to the results 

of the study.19 As performance status and other variables that comprise validated prognostic 

variables for mRCC3,35 are not included in the NCDB, we used Charlson-Deyo comorbidity 

score <2 as a surrogate for surgical candidacy. Notably, the presence of sarcomatoid 

features, osseous metastases, brain metastases, and known tumor burden were similar 

between the CN+IO and IO only groups, and on multivariable analysis, none of these 

variables was significant for poor OS. Hence, there may be a need to revisit criteria for CN 

candidacy in the ICI era. Future studies will also need to explore the validity of current 

prognostic models in risk stratifying mRCC patients treated with ICI.

Our findings should be interpreted within the limitations of an observational study design 

and the limitations of the data captured by the NCDB. Selection bias (evidenced by a skew 

towards older age and more hepatic and nodal metastases in the IO-only group) and clinical 

risk stratification (which could not be accommodated by NCDB) could have influenced the 

decision to offer CN. All attempts to account for observed covariates were made using 

multivariable analyses, yet there are likely unaccounted confounders. The NCDB does not 

provide information regarding the type of IO regimen, number of cycles, or duration 

between the last IO treatment and surgery. Thus, it is not known whether patients received 

ICI or cytokines, which would have also been classified as IO per the NCDB. Hence, we 

focused our analysis on “modern IO approaches” (2015–2016) to capture contemporary 

nationwide strategies, which have largely moved away from cytokine therapy. Unfortunately, 

follow-up data for patients diagnosed in 2016 is immature, limiting our outcomes analysis to 

2015 diagnoses. Future iterations of NCDB are awaited for more mature follow-up data. The 

NCDB also does not provide information on clinical response/progression or treatment-

related adverse events, limiting analytical endpoints. While we employed a rigorous 

approach to patient selection to minimize heterogeneity, this conservative approach yielded 
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only 24 patients who received IO before CN, thus limiting our ability to draw conclusions on 

the optimal timing of CN.

Despite these limitations, our national registry-based analysis represents the first 

contemporary report on oncologic outcomes combining CN with IO in the ICI era for 

mRCC. Results from ongoing and future clinical trials will be needed to further elucidate the 

role and timing of CN in the setting of ICI.36 Indeed, with the recent approval of 

combination ICI and anti-angiogenic regimens, the evolving role of CN will remain a 

moving target.

CONCLUSION

We use a large, national, registry-based cohort to report on survival outcomes in mRCC 

patients treated with modern immunotherapy and CN. Using multivariable analyses, patients 

who received CN with IO had better OS than those treated with IO alone. Performing CN 

after prior IO appears to be safe with pathologically favourable tumor characteristics. Our 

results support the role for CN in the modern IO era and call for prospective validation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Using the NCDB, patients undergoing CN with modern IO for mRCC 

exhibited better OS than those treated with IO alone.

• CN after prior IO is safe with pathologically favorabletumor characteristics.

• Defining the role for CN in the modern IO era warrants prospective 

validation.
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Figure 1. 
Kaplan-Meier analysis of OS in mRCC patients treated with IO, stratified by receipt of CN. 

Median OS for CN+IO was not reached, versus 11.6 months (95% CI 8.5–14.7 months) for 

IO alone (HR 0.23 [95% CI 0.15–0.37], log-rank p<0.001).
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Table 1.

Baseline clinicopathologic characteristics of the entire IO cohort, stratified by receipt of CN.

IO only CN + IO p-value*

Number of patients 170 221 -

Diagnosis year [# (% for each year)]
−2015
−2016

69 (37.7%)
101 (48.6%)

114 (62.3%)
107 (51.4%)

0.032

Median age (IQR), yrs. 64 (57–72) 57 (51–64) <0.001

Male sex (%) 70.6 75.6 0.299

Race (%)
-White
-Black
-Hispanic
-Asian/Other

82.9
6.5
8.8
1.8

85.1
4.5
6.8
3.6

0.489

Charlson-Deyo comorbidity score (%)
−0
−1
−2

74.1
20.6
5.3

80.5
14.9
4.5

0.302

Presence of sarcomatoid features (%) 6.5 5.0 0.659

Median primary tumor size (IQR), cm 8.0 (5.8–11.0) 9.7 (7.4–12.0) <0.001

cT stage (%)
-cT0
-cT1
-cT2
-cT3
-cT4
-cTx

1.8
22.4
22.4
22.4
9.4

21.8

0
15.4
35.7
35.7
5.0
8.1

0.001

cN stage (%)
-cN0
-cN1
-cNx

52.9
31.7
12.9

67.0
24.4
8.6

0.015

Presence of bone metastases (%)
-Yes
-No
-Unknown

36.5
52.3
11.2

33.0
61.1
5.9

0.271

Presence of brain metastases (%)
-Yes
-No
-Unknown

10.0
78.2
11.8

6.3
88.3
5.4

0.132

Presence of liver metastases (%)
-Yes
-No
-Unknown

20.0
67.6
12.4

7.7
86.9
5.4

<0.001

Presence of lung metastases (%)
-Yes
-No
-Unknown

58.8
29.4
11.8

66.5
27.6
5.9

0.421

Presence of bone, liver, or brain metastases (%)
-Yes
-No
-Unknown

52.9
36.5
10.6

42.1
52.5
5.4

0.008

Number of known metastatic sites (%)
−1
−2
−3
−4
-No bone, brain, liver, or lung involvement -No information

48.8
27.1
5.9
1.2
6.5

10.6

59.3
20.8
3.6
0.5

10.4
5.4
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IO only CN + IO p-value*

Median time to receipt of IO from diagnosis (IQR), days 51 (32–82) 91 (59–119) <0.001

*
P-values are 2-sided and calculated by chi-square or Mann-Whitney U tests for categorical or continuous variables, respectively, after exclusion of 

missing values. P<0.05 indicates significance.
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Table 2:

Univariable (UVA) and multivariable (MVA) Cox regression analysis to identify predictors for worse OS in 

the IO cohort with outcomes data available (2015 diagnoses only). Two MVA models were tested, including a 

“contingent” model developed based on covariates found to be significant on UVA and an “a priori” model 

based on prespecified covariates. Total mortality events: n=75.

UVA “Contingent” MVA “A priori” MVA

HR (95% CI) p-value* HR (95% 
CI)

p-value* HR (95% 
CI)

p-value*

CN performed 0.23 (0.15–0.37) <0.001 0.24 
(0.14–
0.41)

<0.001 0.22 (0.11–
0.42)

<0.001

Age 1.02 (1.00–1.04) 0.097 1.00 (0.97–
1.04)

0.785

Male sex 0.99 (0.60–1.62) 0.955

Race
-White
-Black
-Hispanic
-Asian/Other

Ref.
1.05 (0.38–2.90)
1.15 (0.53–2.51)
0.69 (0.17–2.82)

Ref.
0.925
0.731
0.605

Charlson-Deyo comorbidity score
−0
−1
−2

Ref.
1.62 (0.94–2.79)
0.54 (0.13–2.22)

Ref.
0.082
0.393

Sarcomatoid features 0.71 (0.18–2.91) 0.637

Primary tumor size 1.00 (0.99–1.00) 0.199

Locally advanced cT stage (cT3–4) 0.92 (0.54–1.57) 0.760 0.86 (0.43–
1.71)

0.661

cN1 stage 1.23 (0.73–2.06) 0.432 1.17 (0.60–
2.28)

0.642

Presence of bone metastases 1.30 (0.77–2.21) 0.322

Presence of brain metastases 1.76 (0.83–3.73) 0.142

Presence of liver metastases 2.68 (1.45–4.93) 0.002

Presence of lung metastases 0.95 (0.53–1.70) 0.855

Presence of bone, liver, or brain 
metastases

2.01 (1.14–3.52) 0.015 1.62 
(0.91–
2.87)

0.098 1.20 (0.60–
2.38)

0.607

Number of known metastatic sites
−1
−2
−3
−4
-No bone, brain, liver, or lung 
involvement

1.16 (0.35–3.84)
2.54 (0.76–8.47)
1.70 (0.38–7.60) 7.94 (0.81–
77.88) Ref.

0.813
0.129
0.489
0.075
Ref.

HR: hazard ratio; CI: confidence interval; UVA: univariable analysis; MVA: multivariable analysis

*
P<0.05 indicates significance
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Table 3.

Baseline clinicopathologic characteristics of the patients who underwent CN, stratified by timing of IO 

administration.

IO before CN Upfront CN p-value*

Number of patients 24 197 -

Diagnosis year [# (% for each year)]
−2015
−2016

13 (11.4%)
11 (10.3%)

101 (88.6%)
96 (89.7%)

0.832

Median age (IQR), yrs. 65 (56–70) 56 (51–63) 0.002

Male sex (%) 70.8 76.1 0.616

Race (%)
-White
-Black
-Hispanic
-Asian/Other

79.2
12.5
8.3

0

85.8
3.6
6.6
4.1

0.174

Charlson-Deyo comorbidity score (%)
−0
−1
−2

75.0
20.8
4.2

81.2
14.2
4.6

0.691

Presence of sarcomatoid features (%) 4.2 5.1 1.000

Fuhrman grade (%)
−1
−2
−3
−4
-Unknown

0
25.0
29.2
8.3

37.5

0.5
11.7
34.0
35.0
18.8

0.035

Lymphovascular invasion (%)
-Yes
-No
-Unknown

8.3
54.2
37.5

34.0
37.6
28.4

0.013

Median primary tumor size (IQR), cm 6.8 (5.0–9.4) 10.0 (7.6–12.5) 0.001

cT stage (%)
-cT1
-cT2
-cT3
-cT4
-cTx

37.5
16.7
37.5
4.2
4.2

12.7
38.1
35.5
5.1
8.6

0.012

pT stage (%)
-pT0
-pT1
-pT2
-pT3
-pT4
-pTx

8.3
20.8
4.2

41.7
8.3

16.7

0
6.1

13.7
69.5
7.6
3.0

<0.001

Difference between initial cT stage and pT stage (%)
-pT<cT (pathologic downstaging from diagnosis)
-pT = cT (unchanged from diagnosis)
-pT>cT (pathologic upstaging from diagnosis) -Unable to determine

8.3
58.3
16.7
16.7

4.6
48.2
37.1
10.2

0.156

cN stage (%)
-cN0
-cN1
-cNx

75.0
20.8
4.2

66.0
24.9
9.1

0.803

pN stage (%)
-pN0
-pN1
-pNx

50.0
8.3

41.7

47.7
19.8
32.5

0.351
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IO before CN Upfront CN p-value*

Number of patients 24 197 -

Presence of bone metastases (%)
-Yes
-No
-Unknown

70.8
29.2

0

28.4
65.0
6.6

<0.001

Presence of brain metastases (%)
-Yes
-No
-Unknown

0
100

0

7.1
86.8
6.1

0.378

Presence of liver metastases (%)
-Yes
-No
-Unknown

8.3
91.7

0

7.6
86.3
6.1

1.000

Presence of lung metastases (%)
-Yes
-No
-Unknown

50.0
50.0

0

68.5
24.9
6.6

0.030

Presence of bone, liver, or brain metastases (%)
-Yes
-No
-Unknown

70.8
29.2

0

38.6
55.3
6.1

0.008

Number of known metastatic sites (%)
−1
−2
−3
−4
-No bone, brain, liver, or lung involvement -No information

54.2
25.0
8.3

0
12.5

0

59.9
20.3
3.0
0.5

10.2
6.1

0.727

Median time to surgery from diagnosis (IQR), days 123 (107–176) 21 (7–38) <0.001

Median time to receipt of IO from diagnosis (IQR), days 51 (40–60) 92 (68–122) <0.001

Surgical margins (%)
-Negative
-Positive
-Unknown

91.7
0

8.3

82.2
14.7
3.0

0.050

Median inpatient post-operative length-of-stay (IQR), days 4.0 (2.5–4.5) 3.0 (2.0–5.0) 0.369

30-day post-operative readmission (%)
-Yes
-No
-Unknown

0
100

0

4.6
91.4
4.1

0.602

*
P-values are 2-sided and calculated by chi-square or Mann-Whitney U tests for categorical or continuous variables, respectively, after exclusion of 

missing values. P<0.05 indicates significance.
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Table 4.

Univariable (UVA) and multivariable (MVA) Cox regression analysis to identify predictors for worse OS in 

patients who underwent both IO and CN with outcomes data available (2015 diagnoses only). A “contingent” 

MVA model was developed based on covariates found to be significant on UVA. No a priori MVA was 

conducted due to limited mortality events (n=30).

UVA MVA

HR (95% CI) p-value* HR (95% CI) p-value*

Receipt of IO before CN 0.25 (0.03–1.83) 0.172 0.63 (0.07–5.49) 0.674

Age 0.98 (0.94–1.02) 0.359

Male sex 1.23 (0.54–2.77) 0.621

Race
-White
-Black
-Hispanic
-Asian/Other

Ref.
Insuff.
1.18 (0.36–3.92)
2.03 (0.47–8.68)

Ref.
Insuff.
0.785
0.340

Charlson-Deyo comorbidity score
−0
−1
−2

Ref.
1.26 (0.51–3.10)
0.73 (0.10–5.45)

Ref.
0.618
0.763

Sarcomatoid features 1.83 (0.25–13.61) 0.555

Fuhrman grade 3–4 1.34 (0.45–3.94) 0.599

Lymphovascular invasion 1.72 (0.75–3.95) 0.200

Primary tumor size 1.00 (0.99–1.01) 0.730

Lymph node dissection performed 1.24 (0.59–2.61) 0.571

Locally advanced cT stage (cT3–4) 0.70 (0.29–1.68) 0.429

Locally advanced pT stage (pT3–4) 0.80 (0.32–2.00) 0.628

pT ≤ cT (downstaged or stable pT stage) 0.86 (0.38–1.94) 0.704

cN1 stage 1.20 (0.52–2.75) 0.666

pN1 stage 2.70 (1.02–7.17) 0.046 2.80 (0.93–8.39) 0.066

Presence of bone metastases 0.93 (0.41–2.13) 0.867

Presence of brain metastases 3.31 (1.23–8.95) 0.018

Presence of liver metastases 1.57 (0.46–5.31) 0.471

Presence of lung metastases 1.38 (0.52–3.70) 0.522

Presence of bone, liver, or brain metastases 1.51 (0.67–3.41) 0.321 1.81 (0.59–5.61) 0.303

Number of known metastatic sites
−1
−2
−3
-No bone, brain, liver, or lung involvement

0.66 (0.15–3.00)
1.37 (0.29–6.48)
1.68 (0.28–10.16)
Ref.

0.590
0.690
0.572 Ref.

Positive surgical margin 0.88 (0.26–2.94) 0.835

Inpatient length-of-stay 1.11 (0.99–1.25) 0.064

30-day readmission 2.09 (0.63–6.98) 0.229

HR: hazard ratio; CI: confidence interval; UVA: univariable analysis; MVA: multivariable analysis

*
P<0.05 indicates significance
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