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1. Pembrolizumab in Patients With Metastatic Breast Cancer With High Tumor 
Mutational Burden: Results From the Targeted Agent and Profiling Utilization 
Registry (TAPUR) Study
Ajjai S. Alva, MD; Pam K. Mangat, MS; Elizabeth Garrett-Mayer, PhD; Susan Halabi, PhD; Damien Hansra, MD; Carmen J. 
Calfa, MD; Maged F. Khalil, MD; Eugene R. Ahn, MD; Timothy L. Cannon, MD; Pamela Crilley, DO; Julie G. Fisher, MD; 
Derrick S. Haslem, MD; Sagun Shrestha, MD; Kaitlyn R. Antonelli, BA; Nicole L. Butler, MPH; Sasha L. Warren, MS; Andrew L. 
Rygiel, MPH; Shamika Ranasinghe, MS; Suanna S. Bruinooge, MPH; and Richard L. Schilsky, MD

PURPOSE
The TAPUR Study is a phase II basket trial that aims to identify signals of antitumor activity of commercially 
available targeted agents in patients with advanced cancers harboring genomic alterations known to be drug 
targets. Results in a cohort of patients with metastatic breast cancer (mBC) with high tumor mutational burden 
(HTMB) treated with pembrolizumab are reported.

METHODS
Patients with advanced mBC received standard doses of either 2 mg/kg or 200 mg infusions of pembrolizumab 
every 3 weeks. Simon’s two-stage design was used with a primary study end point of disease control (DC) defined 
as objective response or stable disease of at least 16 weeks duration. If two or more patients in stage I achieved 
DC, the cohort would enroll 18 additional patients in stage II. Secondary end points include progression-free 
survival (PFS), overall survival, and safety.

RESULTS
Twenty-eight patients were enrolled from October 2016 to July 2018. All patients’ tumors had HTMB ranging 
from 9 to 37 mutations/megabase. DC and objective response were noted in 37% (95% CI, 21 to 50) and 21% 
of patients (95% CI, 8 to 41), respectively. Median PFS was 10.6 weeks (95% CI, 7.7 to 21.1); median overall 
survival was 30.6 weeks (95% CI, 18.3 to 103.3). No relationship was observed between PFS and tumor mutational 
burden. Five patients experienced ≥ 1 serious adverse event or grade 3 adverse event at least possibly related to 
pembrolizumab consistent with the product label.

CONCLUSION
Pembrolizumab monotherapy has antitumor activity in heavily pretreated patients with mBC characterized 
by HTMB. Our findings support the recent US Food and Drug Administration approval of pembrolizumab for 
treatment of patients with unresectable or metastatic solid tumors with HTMB without alternative treatment 
options.
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2. Randomized Phase III Trial of Gemcitabine and Cisplatin With Bevacizumab or 
Placebo in Patients With Advanced Urothelial Carcinoma: Results of CALGB 
90601 (Alliance)
Jonathan E. Rosenberg, MD; Karla A. Ballman, PhD; Susan Halabi, PhD; Pamela J. Atherton, MS; Amir Mortazavi, MD; 
Christopher Sweeney, MD; Walter M. Stadler, MD; Benjamin A. Teply, MD; Joel Picus, MD; Scott T. Tagawa, MD; Sreedhar 
Katragadda, MD; Daniel Vaena, MD; Jamal Misleh, MD; Christopher Hoimes, DO, PhD  ,; Elizabeth R. Plimack, MD; Thomas 
W. Flaig, MD; Robert Dreicer, MD; Dean Bajorin, MD; Olwen Hahn, MD; Eric J. Small, MD; and Michael J. Morris, MD 

PURPOSE
The combination of gemcitabine and cisplatin (GC) is a standard therapy for metastatic urothelial carcinoma. 
Based on data that angiogenesis plays a role in urothelial carcinoma growth and progression, a randomized 
placebo-controlled trial was performed with the primary objective of testing whether patients treated with GC and 
bevacizumab (GCB) have superior overall survival (OS) than patients treated with GC and placebo (GCP).

PATIENTS AND METHODS
Between July 2009 and December 2014, 506 patients with metastatic urothelial carcinoma without prior 
chemotherapy for metastatic disease and no neoadjuvant or adjuvant chemotherapy within 12 months were 
randomly assigned to receive either GCB or GCP. The primary end point was OS, with secondary end points of 
progression-free survival, objective response, and toxicity.

RESULTS
With a median follow-up of 76.3 months among alive patients, the median OS was 14.5 months for patients 
treated with GCB and 14.3 months for patients treated with GCP (hazard ratio for death = 0.87; 95% CI, 0.72 to 
1.05; two-sided stratified log-rank P = .14). The median progression-free survival was 8.0 months for GCB and 6.7 
months for GCP (hazard ratio = 0.77; 95% CI, 0.63 to 0.95; P = .016). The proportion of patients with grade 3 or 
greater adverse events did not differ significantly between both arms, although increased bevacizumab-related 
toxicities such as hypertension and proteinuria occurred in the bevacizumab-treated arm.

CONCLUSION
The addition of bevacizumab to GC did not result in improved OS. The observed median OS of about 14 months 
is consistent with prior phase III trials of cisplatin-based chemotherapy.

3. Phase II Study of Maintenance Rucaparib in Patients With Platinum-Sensitive 
Advanced Pancreatic Cancer and a Pathogenic Germline or Somatic Variant 
in BRCA1, BRCA2, or PALB2
Kim A. Reiss, MD; Rosemarie Mick, MS; Mark H. O’Hara, MD; Ursina Teitelbaum, MD; Thomas B. Karasic, MD; Charles 
Schneider, MD; Stacy Cowden, RN; Traci Southwell, RN; Janae Romeo, MBE; Natallia Izgur, RN; Zain M. Hannan, BA; Rashmi 
Tondon, MD; Katherine Nathanson, MD; Robert H. Vonderheide, MD, DPhil; Max M. Wattenberg, MD; Gregory Beatty, MD, 
PhD; and Susan M. Domchek, MD

PURPOSE
Olaparib, a poly (ADP-ribose) polymerase (PARP) inhibitor (PARPi), is approved as maintenance therapy for 
patients with advanced pancreatic cancer (PC) and a germline BRCA1 or BRCA2 pathogenic variant (PV).
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This investigator-initiated, single-arm phase II study assessed the role of the PARPi rucaparib as maintenance 
therapy in advanced PC with germline or somatic PV in BRCA1, BRCA2, or PALB2.

PATIENTS AND METHODS
Eligible patients had advanced PC; germline (g) or somatic (s) PVs in BRCA1, BRCA2, or PALB2, and received at 
least 16 weeks of platinum-based chemotherapy without evidence of platinum resistance. Chemotherapy was 
discontinued and patients received rucaparib 600 mg orally twice a day until progression. The primary end point 
was the progression-free survival (PFS) rate at 6 months (PFS6). Secondary end points included safety, ORR, 
disease control rate, duration of response, and overall survival.

RESULTS
Of 46 enrolled patients, 42 were evaluable (27 gBRCA2, seven gBRCA1, six gPALB2, and two sBRCA2). PFS6 
was 59.5% (95% CI, 44.6 to 74.4), median PFS was 13.1 months (95% CI, 4.4 to 21.8), and median overall survival 
was 23.5 months (95% CI, 20 to 27). The PFS at 12 months was 54.8%. ORR of the 36 patients with measurable 
disease was 41.7% (3 complete responses; 12 partial responses; 95% CI, 25.5 to 59.2), and disease control rate 
was 66.7% (95% CI, 49.0 to 81.4). Median duration of response was 17.3 months (95% CI, 8.8 to 25.8). Responses 
occurred in patients with gBRCA2 (41%, 11 out of 27), gPALB2 (50%, 3 out of 6), and sBRCA2 (50%, 1 out of 2). 
No new safety signals were noted.

CONCLUSION
Maintenance rucaparib is a safe and effective therapy for platinum-sensitive, advanced PC with a PV in BRCA1, 
BRCA2, or PALB2. The finding of efficacy in patients with gPALB2 and sBRCA2 PVs expands the population likely 
to benefit from PARPi beyond gBRCA1/2 PV carriers

4. Pembrolizumab Plus Ipilimumab or Placebo for Metastatic Non–Small-Cell 
Lung Cancer With PD-L1 Tumor Proportion Score ≥ 50%: Randomized, 
Double-Blind Phase III KEYNOTE-598 Study
Michael Boyer, MBBS, PhD; Mehmet A. N. Şendur, MD; Delvys Rodríguez-Abreu, MD; Keunchil Park, MD, PhD; Dae Ho 
Lee, MD, PhD; Irfan Çiçin, MD; Perran Fulden Yumuk, MD; Francisco J. Orlandi, MD; Ticiana A. Leal, MD; Olivier Molinier, 
MD; Nopadol Soparattanapaisarn, MD; Adrian Langleben, MD; Raffaele Califano, MD; Balazs Medgyasszay, MD; Te-Chun 
Hsia, MD; Gregory A. Otterson, MD; Lu Xu, PhD; Bilal Piperdi, MD; Ayman Samkari, MD; and Martin Reck, MD, PhD for the 
KEYNOTE- Investigators

PURPOSE
Pembrolizumab monotherapy is standard first-line therapy for metastatic non–small-cell lung cancer (NSCLC) with 
programmed death ligand 1 (PD-L1) tumor proportion score (TPS) ≥ 50% without actionable driver mutations. It 
is not known whether adding ipilimumab to pembrolizumab improves efficacy over pembrolizumab alone in this 
population.

METHODS
In the randomized, double-blind, phase III KEYNOTE-598 trial (ClinicalTrials.gov identifier: NCT03302234), 
eligible patients with previously untreated metastatic NSCLC with PD-L1 TPS ≥ 50% and no sensitizing EGFR or 
ALK aberrations were randomly allocated 1:1 to ipilimumab 1 mg/kg or placebo every 6 weeks for up to 18 doses; 
all participants received pembrolizumab 200 mg every 3 weeks for up to 35 doses. Primary end points were 
overall survival and progression-free survival.
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RESULTS
Of the 568 participants, 284 were randomly allocated to each group. Median overall survival was 21.4 months for 
pembrolizumab-ipilimumab versus 21.9 months for pembrolizumab-placebo (hazard ratio, 1.08; 95% CI, 0.85 to 
1.37; P = .74). Median progression-free survival was 8.2 months for pembrolizumab-ipilimumab versus 8.4 months 
for pembrolizumab-placebo (hazard ratio, 1.06; 95% CI, 0.86 to 1.30; P = .72). Grade 3-5 adverse events occurred 
in 62.4% of pembrolizumab-ipilimumab recipients versus 50.2% of pembrolizumab-placebo recipients and led to 
death in 13.1% versus 7.5%. The external data and safety monitoring committee recommended that the study be 
stopped for futility and that participants discontinue ipilimumab and placebo.

CONCLUSION
Adding ipilimumab to pembrolizumab does not improve efficacy and is associated with greater toxicity than 
pembrolizumab monotherapy as first-line treatment for metastatic NSCLC with PD-L1 TPS ≥ 50% and no 
targetable EGFR or ALK aberrations. These data do not support use of pembrolizumab-ipilimumab in place of 
pembrolizumab monotherapy in this population.

5. Five-Year Outcomes With Pembrolizumab Versus Chemotherapy for 
Metastatic Non–Small-Cell Lung Cancer With PD-L1 Tumor Proportion Score 
≥ 50%
Martin Reck, MD, PhD; Delvys Rodríguez-Abreu, MD, PhD; Andrew G. Robinson, MD, MSc; Rina Hui, MBBS, PhD; Tibor 
Csőszi, MD; Andrea Fülöp, MD; Maya Gottfried, MD; Nir Peled, MD, PhD; Ali Tafreshi, MD; Sinead Cuffe, MD; Mary O’Brien, 
MD; Suman Rao, MD; Katsuyuki Hotta, MD, PhD, MPH; Ticiana A. Leal, MD; Jonathan W. Riess, MD, MS; Erin Jensen, MS; Bin 
Zhao, MD, PhD; M. Catherine Pietanza, MD; and Julie R. Brahmer, MD 
*M.R. and D.R.-A. contributed equally to this work.

PURPOSE
We report the first 5-year follow-up of any first-line phase III immunotherapy trial for non–small-cell lung cancer 
(NSCLC). KEYNOTE-024 (ClinicalTrials.gov identifier: NCT02142738) is an open-label, randomized controlled trial 
of pembrolizumab compared with platinum-based chemotherapy in patients with previously untreated NSCLC 
with a programmed death ligand-1 (PD-L1) tumor proportion score of at least 50% and no sensitizing EGFR or 
ALK alterations. Previous analyses showed pembrolizumab significantly improved progression-free survival and 
overall survival (OS).

METHODS
Eligible patients were randomly assigned (1:1) to pembrolizumab (200 mg once every 3 weeks for up to 35 cycles) 
or platinum-based chemotherapy. Patients in the chemotherapy group with progressive disease could cross over 
to pembrolizumab. The primary end point was progression-free survival; OS was a secondary end point.

RESULTS
Three hundred five patients were randomly assigned: 154 to pembrolizumab and 151 to chemotherapy. Median 
(range) time from randomization to data cutoff (June 1, 2020) was 59.9 (55.1-68.4) months. Among patients 
initially assigned to chemotherapy, 99 received subsequent anti–PD-1 or PD-L1 therapy, representing a 66.0% 
effective crossover rate. Median OS was 26.3 months (95% CI, 18.3 to 40.4) for pembrolizumab and 13.4 months 
(9.4-18.3) for chemotherapy (hazard ratio, 0.62; 95% CI, 0.48 to 0.81). Kaplan-Meier estimates of the 5-year OS 
rate were 31.9% for the pembrolizumab group and 16.3% for the chemotherapy group. Thirty-nine patients 
received 35 cycles (ie, approximately 2 years) of pembrolizumab, 82.1% of whom were still alive at data cutoff 
(approximately 5 years). Toxicity did not increase with longer treatment exposure.
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CONCLUSION
Pembrolizumab provides a durable, clinically meaningful long-term OS benefit versus chemotherapy as first-line 
therapy for metastatic NSCLC with PD-L1 tumor proportion score of at least 50%.

6. Adjuvant Trastuzumab Emtansine Versus Paclitaxel in Combination 
With Trastuzumab for Stage I HER2-Positive Breast Cancer (ATEMPT): A 
Randomized Clinical Trial
Sara M. Tolaney, MD, MPH; Nabihah Tayob, PhD; Chau Dang, MD; Denise A. Yardley, MD; Steven J. Isakoff, MD, PhD; 
Vicente Valero, MD; Meredith Faggen, MD; Therese Mulvey, MD; Ron Bose, MD, PhD; Jiani Hu, MSc; Douglas Weckstein, 
MD; Antonio C. Wolff, MD; Katherine Reeder-Hayes, MD, MBA, MSc; Hope S. Rugo, MD; Bhuvaneswari Ramaswamy, MD; 
Dan Zuckerman, MD; Lowell Hart, MD; Vijayakrishna K. Gadi, MD, PhD; Michael Constantine, MD; Kit Cheng, MD; Frederick 
Briccetti, MD; Bryan Schneider, MD; Audrey Merrill Garrett, MD; Kelly Marcom, MD; Kathy Albain, MD; Patricia DeFusco, MD; 
Nadine Tung, MD; Blair Ardman, MD; Rita Nanda, MD; Rachel C. Jankowitz, MD; Mothaffar Rimawi, MD; Vandana Abramson, 
MD; Paula R. Pohlmann, MD, PhD, MSc; Catherine Van Poznak, MD; Andres Forero-Torres, MD; Minetta Liu, MD; Kathryn 
Ruddy, MD; Yue Zheng, MSc; Shoshana M. Rosenberg, ScD, MPH; Richard D. Gelber, PhD; Lorenzo Trippa, PhD; William 
Barry, PhD; Michelle DeMeo, BS; Harold Burstein, MD, PhD; Ann Partridge, MD, MPH; Eric P. Winer, MD; and Ian Krop, MD, 
PhD,

PURPOSE
The ATEMPT trial was designed to determine if treatment with trastuzumab emtansine (T-DM1) caused less 
toxicity than paclitaxel plus trastuzumab (TH) and yielded clinically acceptable invasive disease-free survival (iDFS) 
among patients with stage I human epidermal growth factor receptor 2–positive (HER2+) breast cancer (BC).

METHODS
Patients with stage I centrally confirmed HER2+ BC were randomly assigned 3:1 to T-DM1 or TH and received 
T-DM1 3.6 mg/kg IV every 3 weeks for 17 cycles or T 80 mg/m2 IV with H once every week × 12 weeks (4 mg/
kg load →2 mg/kg), followed by H × 39 weeks (6 mg/kg once every 3 weeks). The co-primary objectives were 
to compare the incidence of clinically relevant toxicities (CRTs) in patients treated with T-DM1 versus TH and to 
evaluate iDFS in patients receiving T-DM1.

RESULTS
The analysis population includes all 497 patients who initiated protocol therapy (383 T-DM1 and 114 TH). CRTs 
were experienced by 46% of patients on T-DM1 and 47% of patients on TH (P = .83). The 3-year iDFS for T-DM1 
was 97.8% (95% CI, 96.3 to 99.3), which rejected the null hypothesis (P < .0001). Serially collected patient-
reported outcomes indicated that patients treated with T-DM1 had less neuropathy and alopecia and better work 
productivity compared with patients on TH.

CONCLUSION
Among patients with stage I HER2+ BC, one year of adjuvant T-DM1 was associated with excellent 3-year iDFS, 
but was not associated with fewer CRT compared with TH.
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7. Brentuximab Vedotin Combined With Chemotherapy in Patients With Newly 
Diagnosed Early-Stage, Unfavorable-Risk Hodgkin Lymphoma
Anita Kumar, MD; Carla Casulo, MD; Ranjana H. Advani, MD; Elizabeth Budde, MD; Paul M. Barr, MD; Connie L. Batlevi, MD, 
PhD; Philip Caron, MD; Louis S. Constine, MD; Savita V. Dandapani, MD; Esther Drill, MD; Pamela Drullinsky, MD; Jonathan 
W. Friedberg, MD; Clare Grieve, BA; Audrey Hamilton, MD; Paul A. Hamlin, MD; Richard T. Hoppe, MD; Steven M. Horwitz, 
MD; Ashlee Joseph, BA; Niloufer Khan, MD; Leana Laraque, BA; Matthew J. Matasar, MD; Alison J. Moskowitz, MD; Ariela 
Noy, MD; Maria Lia Palomba, MD; Heiko Schöder, MD; David J. Straus, MD; Shreya Vemuri, BA; Joanna Yang, MD; Anas 
Younes, MD; Andrew D. Zelenetz, MD, PhD; Joachim Yahalom, MD; and Craig H. Moskowitz, MD

PURPOSE
To improve curability and limit long-term adverse effects for newly diagnosed early-stage (ES), unfavorable-risk 
Hodgkin lymphoma.

METHODS
In this multicenter study with four sequential cohorts, patients received four cycles of brentuximab vedotin 
(BV) and doxorubicin, vinblastine, and dacarbazine (AVD). If positron emission tomography (PET)-4–negative, 
patients received 30-Gy involved-site radiotherapy in cohort 1, 20-Gy involved-site radiotherapy in cohort 2, 
30-Gy consolidation-volume radiotherapy in cohort 3, and no radiotherapy in cohort 4. Eligible patients had ES, 
unfavorable-risk disease. Bulk disease defined by Memorial Sloan Kettering criteria (> 7 cm in maximal transverse 
or coronal diameter on computed tomography) was not required for cohorts 1 and 2 but was for cohorts 3 and 
4. The primary end point was to evaluate safety for cohort 1 and to evaluate complete response rate by PET for 
cohorts 2-4.

RESULTS
Of the 117 patients enrolled, 116 completed chemotherapy, with the median age of 32 years: 50% men, 98% 
stage II, 86% Memorial Sloan Kettering–defined disease bulk, 27% traditional bulk (> 10 cm), 52% elevated 
erythrocyte sedimentation rate, 21% extranodal involvement, and 56% > 2 involved lymph node sites. The 
complete response rate in cohorts 1-4 was 93%, 100%, 93%, and 97%, respectively. With median follow-up of 
3.8 years (5.9, 4.5, 2.5, and 2.2 years for cohorts 1-4), the overall 2-year progression-free and overall survival were 
94% and 99%, respectively. In cohorts 1-4, the 2-year progression-free survival was 93%, 97%, 90%, and 97%, 
respectively. Adverse events included neutropenia (44%), febrile neutropenia (8%), and peripheral neuropathy 
(54%), which was largely reversible.

CONCLUSION
BV + AVD × four cycles is a highly active and well-tolerated treatment program for ES, unfavorable-risk Hodgkin 
lymphoma, including bulky disease. The efficacy of BV + AVD supports the safe reduction or elimination of 
consolidative radiation among PET-4–negative patients.

8. Adjuvant Versus Early Salvage Radiation Therapy for Men at High Risk for 
Recurrence Following Radical Prostatectomy for Prostate Cancer and the Risk 
of Death
Derya Tilki, MD; Ming-Hui Chen, PhD; Jing Wu, PhD; Hartwig Huland, MD; Markus Graefen, MD; Thomas Wiegel, MD; Dirk 
Böhmer, MD; Osama Mohamad, MD, PhD; Janet E. Cowan, MA; Felix Y. Feng, MD; Peter R. Carroll, MD, MPH; Bruce J. Trock, 
MPH, PhD; Alan W. Partin, MD, PhD; and Anthony V. D’Amico , MD, PhD
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PURPOSE
Adjuvant compared with early salvage radiation therapy (sRT) following radical prostatectomy (RP) has not been 
shown to reduce progression-free survival in randomized controlled trials. However, these trials might have missed 
a benefit in men with adverse pathology at RP given that these men were under-represented and immortal time 
bias might have been present; herein, we investigate this possibility.

METHODS
We evaluated the impact of adjuvant versus early sRT on all-cause mortality (ACM) risk in men with adverse 
pathology defined as positive pelvic lymph nodes (pN1) or pGleason score 8-10 prostate cancer (PC) and disease 
extending beyond the prostate (pT3/4). We used a treatment propensity score to minimize potential treatment 
selection bias when estimating the causal effect of adjuvant versus early sRT on ACM risk and a sensitivity analysis 
to assess the impact that varying definitions of adverse pathology had on ACM risk adjusting for age at RP, PC 
prognostic factors, site, and the time-dependent use of post-RP androgen deprivation therapy.

RESULTS
After a median follow-up (interquartile range) of 8.16 (6.00-12.10) years, of the 26,118 men in the study cohort, 
2,104 (8.06%) died, of which 539 (25.62%) were from PC. After excluding men with a persistent prostate-specific 
antigen, adjuvant compared with early sRT was associated with a significantly lower ACM risk among men with 
adverse pathology at RP when men with pN1 PC were excluded (0.33 [0.13-0.85]; P = .02) or included (0.66 [0.44-
0.99]; P = .04).

CONCLUSION
Adjuvant radiation therapy should be considered in men with pN1 or pGleason score 8 to 10 and pT3/4 PC given 
the possibility that a significant reduction in ACM risk exists.

9. Apalutamide in Patients With Metastatic Castration-Sensitive Prostate 
Cancer: Final Survival Analysis of the Randomized, Double-Blind, Phase III 
TITAN Study
Kim N. Chi, MD; Simon Chowdhury, MD, PhD; Anders Bjartell, MD, PhD; Byung Ha Chung, MD, PhD; Andrea J. Pereira 
de Santana Gomes, MD; Robert Given, MD; Alvaro Juárez Soto, MD; Axel S. Merseburger, MD, PhD; Mustafa Özgüroğlu, 
MD; Hirotsugu Uemura, MD, PhD; Dingwei Ye, MD, PhD; Sabine Brookman-May, MD,; Suneel D. Mundle, PhD; Sharon 
A. McCarthy, BPharm; Julie S. Larsen, PharmD; Weili Sun, MD, PhD; Katherine B. Bevans, PhD; Ke Zhang, PhD; Nibedita 
Bandyopadhyay, PhD; and Neeraj Agarwal, MD 
*K.N.C. and N.A. contributed equally to this work.

PURPOSE
The first interim analysis of the phase III, randomized, placebo-controlled TITAN study showed that apalutamide 
significantly improved overall survival (OS) and radiographic progression-free survival in patients with metastatic 
castration-sensitive prostate cancer (mCSPC) receiving ongoing androgen deprivation therapy (ADT). Herein, we 
report final efficacy and safety results after unblinding and placebo-to-apalutamide crossover.

METHODS
Patients with mCSPC (N = 1,052) were randomly assigned 1:1 to receive apalutamide (240 mg QD) or placebo 
plus ADT. After unblinding in January 2019, placebo-treated patients were allowed to receive apalutamide. 
Efficacy end points were updated using the Kaplan-Meier method and Cox proportional-hazards model without 
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formal statistical retesting and adjustment for multiplicity. Change from baseline in Functional Assessment of 
Cancer Therapy-Prostate total score was assessed.

RESULTS
With a median follow-up of 44.0 months, 405 OS events had occurred and 208 placebo-treated patients (39.5%) 
had crossed over to apalutamide. The median treatment duration was 39.3 (apalutamide), 20.2 (placebo), and 
15.4 months (crossover). Compared with placebo, apalutamide plus ADT significantly reduced the risk of death by 
35% (median OS not reached v 52.2 months; hazard ratio, 0.65; 95% CI, 0.53 to 0.79; P < .0001) and by 48% after 
adjustment for crossover (hazard ratio, 0.52; 95% CI, 0.42 to 0.64; P < .0001). Apalutamide plus ADT delayed 
second progression-free survival and castration resistance (P < .0001 for both). Health-related quality of life, per 
total Functional Assessment of Cancer Therapy-Prostate, in both groups was maintained through the study. Safety 
was consistent with previous reports.

CONCLUSION
The final analysis of TITAN confirmed that, despite crossover, apalutamide plus ADT improved OS, delayed 
castration resistance, maintained health-related quality of life, and had a consistent safety profile in a broad 
population of patients with mCSPC.

10. Ten-Year Outcome of Neoadjuvant Chemoradiotherapy Plus Surgery for 
Esophageal Cancer: The Randomized Controlled CROSS Trial
Ben M. Eyck, MD; J. Jan B. van Lanschot, MD, PhD; Maarten C. C. M. Hulshof, MD, PhD; Berend J. van der Wilk, MD; Joel 
Shapiro, MD, PhD; Pieter van Hagen, MD, PhD; Mark I. van Berge Henegouwen, MD, PhD; Bas P. L. Wijnhoven, MD, PhD; 
Hanneke W. M. van Laarhoven, MD, PhD; Grard A. P. Nieuwenhuijzen, MD, PhD; Geke A. P. Hospers, MD, PhD; Johannes 
J. Bonenkamp, MD, PhD; Miguel A. Cuesta, MD, PhD; Reinoud J. B. Blaisse, MD; Olivier R. Busch, MD, PhD; Geert-Jan M. 
Creemers, MD, PhD; Cornelis J. A. Punt, MD, PhD; John Th. M. Plukker, MD, PhD; Henk M. W. Verheul, MD, PhD; Ernst J. 
Spillenaar Bilgen, MD, PhD; Maurice J. C. van der Sangen, MD, PhD; Tom Rozema, MD; Fiebo J. W. ten Kate, MD, PhD; 
Jannet C. Beukema, MD; Anna H. M. Piet, MD; Caroline M. van Rij, MD; Janny G. Reinders, MD; Hugo W. Tilanus, MD, PhD; 
Ewout W. Steyerberg, PhD; and Ate van der Gaast, MD, PhD; for the CROSS Study Group

PURPOSE
Preoperative chemoradiotherapy according to the chemoradiotherapy for esophageal cancer followed by surgery 
study (CROSS) has become a standard of care for patients with locally advanced resectable esophageal or 
junctional cancer. We aimed to assess long-term outcome of this regimen.

METHODS
From 2004 through 2008, we randomly assigned 366 patients to either five weekly cycles of carboplatin and 
paclitaxel with concurrent radiotherapy (41.4 Gy in 23 fractions, 5 days per week) followed by surgery, or surgery 
alone. Follow-up data were collected through 2018. Cox regression analyses were performed to compare overall 
survival, cause-specific survival, and risks of locoregional and distant relapse. The effect of neoadjuvant 
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chemoradiotherapy beyond 5 years of follow-up was tested with time-dependent Cox regression and landmark 
analyses.

RESULTS
The median follow-up was 147 months (interquartile range, 134-157). Patients receiving neoadjuvant 
chemoradiotherapy had better overall survival (hazard ratio [HR], 0.70; 95% CI, 0.55 to 0.89). The effect of 
neoadjuvant chemoradiotherapy on overall survival was not time-dependent (P value for interaction, P = .73), and 
landmark analyses suggested a stable effect on overall survival up to 10 years of follow-up. The absolute 10-
year overall survival benefit was 13% (38% v 25%). Neoadjuvant chemoradiotherapy reduced risk of death from 
esophageal cancer (HR, 0.60; 95% CI, 0.46 to 0.80). Death from other causes was similar between study arms (HR, 
1.17; 95% CI, 0.68 to 1.99). Although a clear effect on isolated locoregional (HR, 0.40; 95% CI, 0.21 to 0.72) and 
synchronous locoregional plus distant relapse (HR, 0.43; 95% CI, 0.26 to 0.72) persisted, isolated distant relapse 
was comparable (HR, 0.76; 95% CI, 0.52 to 1.13).

CONCLUSION
The overall survival benefit of patients with locally advanced resectable esophageal or junctional cancer who 
receive preoperative chemoradiotherapy according to CROSS persists for at least 10 years.
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