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Abstract 
 

Background: The risk of prostate cancer-specific mortality (PCSM) following a diagnosis of 

prostate cancer may improve after patients have survived a number of years after diagnosis. We 

sought to determine long-term conditional PCSM for patients with stage T4, N1, or M1 prostate 

cancer.  

 

Methods: We identified 66,817 patients diagnosed with stage IV (T4N0M0, N1M0, or M1) 

prostate cancer between 1973 and 2011 using the Surveillance, Epidemiology, and End Results 

(SEER) database. Conditional five-year PCSM was evaluated for each group of patients at 5, 10, 

and 15 years of survival according to the Fine & Gray model for competing risks after adjusting 

for tumor grade, age, income level, and marital status. Race-stratified analyses were also 

performed. 

 

Results: There were 13,345 patients with T4 disease, 12,450 patients with N1 disease, and 

41,022 patients with M1 disease. Median follow-up among survivors in the three groups was 123 

months (range: 0-382 months), 61 months (range: 0-410 months), and 30 months (range: 0-370 

months), respectively. Conditional PCSM improved in all three groups over time. Among 

patients with T4 disease, 5-year PCSM improved from 13.9% at diagnosis to 11.2%, 8.1%, and 

6.5% conditioned on 5, 10, or 15 years of survival, respectively (p < 0.001 in all cases). In 

patients with N1 disease, 5-year PCSM increased within the first five years and decreased 

thereafter, from 18.9% at diagnosis to 21.4% (p < 0.001), 17.6% (p = 0.055), and 13.8% (p < 

0.001), respectively. In patients with metastatic disease, 5-year PCSM improved from 57.2% at 

diagnosis to 41.1%, 28.8%, and 20.8%, respectively (p < 0.001).  White race was associated with 
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a greater increase in conditional survival compared to non-white race among those with T4 or N1 

disease.  

 

Conclusions: While patients with T4, N1, or M1 prostate cancer are never “cured,” their odds of 

cancer-specific survival increase substantially after they have survived for 5 or more years. 

Physicians who take care of patients with prostate cancer can use this data to guide follow-up 

decisions and to counsel newly diagnosed patients and survivors regarding their long-term 

prognosis.  

 

Key words: Prostate cancer, conditional survival, racial disparities 
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Introduction 

Stage IV prostate cancer, consisting of stage T4 (invasion of adjacent organs), N1 (regional 

nodal spread), or M1 (metastatic spread) disease1, is a relatively rare diagnosis, accounting for 

approximately 5% of prostate cancer diagnoses.2 When a patient is diagnosed with such 

unfavorable cancer, he may appropriately ask about his prognosis, which depends on many 

factors including his specific tumor status, ability to tolerate cancer therapy, and his competing 

health risks. One complicating factor is that most cancer prognostic information is reported from 

the time of diagnosis and may overestimate the risk of mortality for the patient who has already 

survived their disease for some time.3 It can therefore be challenging, but important, to determine 

a patient’s changing prognosis as he lives years past his diagnosis. Compounding this challenge 

in patients with T4, N1, or M1 prostate cancer is that due to their relative rarity, some clinicians 

may have less clinical experience to rely on when counseling patients about their long-term 

prognosis.   

 

Some data suggests that patients with T4, N1, or M1 disease are unique in the degree to which 

prognosis improves as patients survive their disease.4 It is likely that in each of these 

heterogeneous groups, patients with worse disease die more quickly, such that the cancer-

specific survival for the remainder of the patients is relatively better and therefore captured by 

the conditional survival at 5-15 years following diagnosis. Most studies on conditional mortality 

after a prostate cancer diagnosis to-date have focused on either localized or distant disease, with 

no studies to our knowledge specifically examining the conditional mortality of patients with T4 

or N1 disease.5-8 In addition, studies have usually reported mortality conditioned on 5 years or 

occasionally 10 years of survival, but not as long as 15 years.9 In this study, we determine the 
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prognosis of prostate cancer patients with T4, N1, or M1 disease conditioned on up to 15 years 

of survival. As a secondary aim, we also determine the interaction between race and conditional 

mortality to study the possibility that barriers to long-term cancer follow-up among minorities 

might affect how long-term prognosis changes over time10.  

 

Methods 

2.1 Patient Population 

The Surveillance, Epidemiology, and End Results (SEER) database collects cancer diagnostic, 

treatment, and survival data from 18 SEER registries, accounting for approximately 28.0% of the 

US population.11 We used the SEER*Stat 8.1.5 software to extract cases from the SEER 

database. This study was approved by the institutional review board. 

 

Patients were included if they were diagnosed with stage T4N0M0, N1M0, or M1 prostate 

cancer between 1973 and 2011. In total, this approach identified 66,817 men. We collected 

information from SEER on tumor characteristics, including clinical staging information and 

grade. We also extracted patient characteristics, including survival information, age at diagnosis, 

marital status at diagnosis, race, median family income in the county of diagnosis, cause of 

death, and length of survival.  

 

2.2 Statistical analysis 

Stata/MP 13.1 was used for all statistical analyses. Patient demographic data were summarized 

for patients with T4, N1, or M1 disease. Prostate cancer-specific mortality was estimated using 

the Fine & Gray model12 for competing risks, adjusting for marital status, race, age, median 
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family income in the county of diagnosis, and tumor grade. Conditional mortality at time T was 

determined by identifying patients who survived for S > T months and generating a new survival 

variable S’ = S - T. Survival analysis was then performed on patients who survived past time S 

using S’ as the survival variable and compared to the general cohort using S as the survival 

variable. This procedure was repeated for T = 5, 10, or 15 years. Analyses were also repeated 

following stratification by race (white versus non-white). Interaction analysis was performed as 

has previously been reported,13 namely by modeling the effect of a new variable race*SurvivalT, 

where SurvivalT represents whether or not a patient survived past time T.   P-values were reported 

as statistically significant if less than α = 0.05 after correction for multiple comparisons, when 

applicable14. Specifically, we α = 0.05/3 = 0.0167 for the calculations in Table 2 and Figure 1.  

 

Results 

Patient characteristics 

There were 13,345 patients with T4 disease, 12,450 patients with N1 disease, and 41,022 patients 

with M1 disease. Median follow-up among survivors in the three groups was 123 months (range: 

0-382 months), 61 months (range: 0-410 months), and 30 months (range: 0-370 months), 

respectively. Other baseline characteristics of the three cohorts and of those who survived for 5, 

10, or 15 years are represented in Table 1. 

  

Conditional mortality improves over time among patients with T4, N1, or M1 prostate cancer 

Conditional adjusted prostate cancer-specific mortality improved among patients with T4, N1, or 

M1 disease over time (Table 2 and Figure 1). Among patients with T4 disease, 5-year PCSM 

improved from 13.9% at diagnosis to 11.2%, 8.1%, and 6.5% conditioned on 5, 10, or 15 years 
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of survival, respectively (p < 0.001 in all cases). In patients with N1 disease, 5-year PCSM 

slightly worsened within the first five years, from 18.9% at diagnosis to 21.4% conditioned on 5 

years of survival (p < 0.001), but then declined to 17.6% (p = 0.055) and 13.8% (p < 0.001) 

conditioned on 10 and 15 years of survival, respectively. In patients with metastatic disease, 5-

year PCSM improved from 57.2% at diagnosis to 41.1%, 28.8%, and 20.8% conditioned on 5, 

10, and 15 years of survival, respectively (p < 0.001 in all cases).   

 

White patients derive a larger conditional mortality benefit than non-white patients 

In order to determine whether race interacted with survival, we repeated our initial analyses after 

stratifying by race and by modeling an interaction term. Among patients with M1 disease, 

conditional mortality was similar between white and non-white patients (data not shown). 

However, among patients with N1 disease, non-white patients did not have a significant 

reduction in conditional mortality at 5, 10, or 15 years of survival compared to diagnosis 

(adjusted HR = 1.16 [p = 0.051], AHR = 1.04 [p = 0.686], and AHR = 0.881 [p = 0.593], 

respectively), while white patients had similar mortality as the overall cohort, with adjusted 

hazard ratios of 1.10 (p < 0.001), 0.898 (p = 0.022), and 0.712 (p < 0.001), respectively. While 

non-white patients with T4 disease had improved 5-year PCSM after having survived 5, 10, or 

15 years, their improvements were 20-39% smaller than those of white patients (p < 0.05 by 

interaction analysis).  

 

Discussion 

Among patients with T4, N1, or M1 prostate cancer, we found that 5-year prostate cancer-

specific mortality (PCSM) generally improved among all three groups conditioned on 5, 10, or 
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15 years of survival (with the exception of patients with N1 disease conditioned on 5 years of 

survival), even after adjusting for patient-specific factors like tumor grade, age, marital status, 

county-wide median income, and race. Interestingly, we found that this relationship was stronger 

in white patients than among non-white patients with T4 or N1 disease.  

 

These data may be of great interest to physicians and patients. Our survival analyses imply that 

cancer-specific mortality is not static after diagnosis with advanced prostate cancer. While it may 

not be appropriate to label patients with advanced-stage prostate cancer as “cured” after 

surviving for several years, many of these patients are at significantly reduced likelihood of 

cancer-specific death the longer they survive. Physicians should use results to better counsel 

patients and provide appropriate follow-up and surveillance. For example, we found that cancer-

specific mortality drops sharply among patients with T4 disease after 5, 10, and 15 years of 

survival. Therefore, it would be appropriate for clinicians to increase the time between follow-up 

appointments, imaging, and laboratory tests once patients survive to 5 years. On the other hand, 

we found that patients with N1 disease did not have a reduction in PCSM until 10 years. 

Therefore, physicians should monitor the N1 patient who has survived for 5 years just as closely 

as they would monitor the newly diagnosed one.  

 

Patients can also use this data to better understand how their long-term prognosis changes over 

time. Most cancer-specific mortality data is reported from diagnosis. Therefore, it can be difficult 

to re-assess prognosis for the fortunate patient who is able to survive 5, 10, or even 15 years after 

diagnosis. Our data can help patients understand their changing risk of PCSM as time passes. For 

example, a patient newly diagnosed with metastatic prostate cancer would likely be counseled 
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that their risk of dying within five years is 50% or more.15 In contrast, based on our data, one 

who has survived for 5 years already should be counseled that their risk of dying in the next five 

years is much lower.  Counseling patients about their improving risk of mortality over time may 

have important psychological and emotional benefits for patients and their families.16,17  

 

In addition to our findings that conditional survival improved among all three groups of patients, 

our secondary analyses may point to racial disparities in long-term prostate cancer care. We 

found that among patients with T4 disease, non-white patients had smaller improvements in 

survival than white patients; among those with N1 disease, non-white patients had no 

improvement at all.  While others have shown that minorities are at higher risk of cancer-specific 

mortality,18 our results show that the differences may grow proportionally larger as time goes on. 

These differences may be due to racial disparities in follow-up surveillance following initial 

cancer treatment and differences in the eventual receipt of salvage therapy. Minorities have 

previously been shown to report more barriers to follow-up care after completing cancer 

treatment.10 Our data suggest that these differences in follow-up may translate to smaller 

reductions in cancer-specific mortality over time, resulting in relatively more cancer-specific 

death among non-white patients compared to white patients. Physicians should therefore pay 

special attention to minority patients with advanced prostate cancer to make sure they receive 

excellent long-term follow-up and surveillance in order to help reverse this cause of increased 

cancer-specific mortality.  

 

To our knowledge, other studies examining conditional survival from prostate cancer have not 

specifically examined patients with T4 or N1 disease, two important subsets of patients with 



Conditional mortality after T4, N1, or M1 prostate cancer--9 

whom some clinicians may have limited experience due to their relative rarity.4-7,9 Some authors 

have reported the conditional outcomes of all stage IV patients together,4,8 but because the 

subsets of stage IV patients have very heterogeneous outcomes,15 the data presented here may be 

more clinically applicable since we have separately considered T4, N1, and M1 disease. One 

study in patients with pathologic N1 disease demonstrated that conditional freedom from 

biochemical recurrence rapidly improves within the first five years after diagnosis but did not 

report mortality data.19 In addition, we calculated 5-year PCSM conditioned on up to 15 years of 

survival, whereas most previous studies have stopped at 5 years of survival. Our results for the 

subset of patients with M1 disease are consistent with the results of similar studies,6,8,9 with some 

variation in the estimates of PCSM referable to differences in cohort selection (e.g. country of 

study) and statistical techniques (e.g. use of Fine & Gray’s model with adjustment for patient 

demographic factors in our study versus calculation of excess mortality or use of life tables in 

other studies).   

 

Despite our sample size, our study has some limitations. First, the SEER database does not 

contain data about disease recurrence or receipt of salvage therapy. Therefore, we were not able 

to analyze these important secondary outcomes. Second, the SEER database has previously been 

reported to have coding errors in cancer stage,20 so we may have erroneously included or 

excluded some patients in our study. While this may reduce the reliability of our results, coding 

errors are likely to be random and therefore not likely to systematically bias our findings. Third, 

our cohort includes patients over a very long time period. Improvements in cancer care and 

disease surveillance (e.g. more sensitive prostate-specific antigen and improved imaging) over 
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the past decades could lead to our data overestimating the PCSM compared to a modern patient’s 

risk.  

 

Conclusion 

In order to better understand how the cancer-specific mortality risk of advanced prostate cancer 

changes over time, we studied the conditional mortality of patients with stage T4, N1, or M1 

prostate cancer. We found that in all three groups (T4, N1, and M1), cancer-specific mortality 

generally improved after survival to 5, 10, or 15 years. Among those with T4 or N1 disease, non-

white patients had smaller improvements compared to white patients or no improvement at all. 

Our results should be used to counsel prostate cancer survivors on their changing risk profile and 

to tailor follow-up and cancer surveillance over time. In addition, physicians should pay special 

attention to minority patients, as they may be at risk for relatively poor conditional mortality, 

possibly due to worse long-term follow-up. 

 

Abbreviations 

SEER: Surveillance, Epidemiology, and End Results 

PCSM: Prostate cancer-specific mortality 

 

Competing Interests 

Author PL is a consultant for Medivation and GenomeDx. The other authors have no competing 

interests to disclose. 



Conditional mortality after T4, N1, or M1 prostate cancer--11 

 

Authors’ Contributions 

Author VM acquired, analyzed, and interpreted the data. BM assisted with data acquisition and 

analysis. PL conceived the study and helped to draft the final manuscript. All authors read and 

approved the final manuscript. 

 

Acknowledgements  

This work was funded by an IDEA2 grant from the Harvard-MIT Division of Health Sciences 

and Technology at Harvard Medical School. 

 

References

 

[1] Edge S, Byrd DR, Compton CC, Green FL, Trotti A (Eds.). AJCC Cancer Staging Manual. 

7th edition. Springer; 2010.   

[2] Colli JL. The effect of prostate cancer screening on stage IV disease in America. Int Urol 

Nephrol. 2011;43(2):391-6. 

[3] Xing Y, Chang GJ, Hu CY, et al. Conditional survival estimates improve over time for 

patients with advanced melanoma: results from a population-based analysis. Cancer. 

2010;116(9):2234-41. 

[4] Luh JY, Wang SJ, Fuller CD, and Thomas CR. A SEER database analysis of conditional 

survival for prostate cancer patients [abstract]. ASCO Annual Meeting Proceedings. 

2006;24(18S): 14506 

[5] Janssen-Heijnen ML, Houterman S, Lemmens VE, Brenner H, Steyerberg EW, Coebergh 

JW. Prognosis for long-term survivors of cancer. Ann Oncol. 2007;18(8):1408-13. 

[6] Merrill RM, Hunter BD. Conditional survival among cancer patients in the United States. 

Oncologist. 2010;15(8):873-82. 

[7] Husson O, Van Steenbergen LN, Koldewijn EL, Poortmans PM, Coebergh JW, Janssen-

Heijnen ML. Patients with prostate cancer continue to have excess mortality up to 15 years after 

diagnosis. BJU Int. 2014;114(5):691-7. 

[8] Yu XQ, Baade PD, O'Connell DL. Conditional survival of cancer patients: an Australian 

perspective. BMC Cancer. 2012;12:460. 



Conditional mortality after T4, N1, or M1 prostate cancer--12 

 

[9] Ito Y, Nakayama T, Miyashiro I, Ioka A, Tsukuma H. Conditional survival for longer-term 

survivors from 2000-2004 using population-based cancer registry data in Osaka, Japan. BMC 

Cancer. 2013;13:304. 

[10] Palmer N, Weaver K, Hauser S, et al. Racial disparities in barriers to follow-up care among 

breast cancer survivors. [abstract]. In: Proceedings of the Sixth AACR Conference: The Science 

of Cancer Health Disparities; Cancer Epidemiol Biomarkers Prev 2014;23(11 Suppl).  

[11] Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) 

SEER*Stat Database: Incidence - SEER 9 Regs Research Data, Nov 2013 Sub (1973-2011) 

<Katrina/Rita Population Adjustment> - Linked To County Attributes - Total U.S., 1969-2012 

Counties, National Cancer Institute, DCCPS, Surveillance Research Program, Surveillance 

Systems Branch, released April 2014, based on the November 2013 submission. 

[12] Fine J and Gray R. A proportional hazards model for the subdistribution of a competing 

risk. Journal of the American Statistical Association 1999. 94: 496–509. 

[13] Wo JY, Chen K, Neville BA, Lin NU, Punglia RS. Effect of very small tumor size on 

cancer-specific mortality in node-positive breast cancer. J Clin Oncol. 2011;29(19):2619-27. 

[14] Curtin F, Schulz P. Multiple correlations and Bonferroni's correction. Biol Psychiatry. 

1998;44(8):775-7. 

[15] Hsiao W, Moses KA, Goodman M, Jani AB, Rossi PJ, Master VA. Stage IV prostate 

cancer: survival differences in clinical T4, nodal and metastatic disease. J Urol. 

2010;184(2):512-8. 

[16] Wang SJ, Fuller CD, Emery R, Thomas CR. Conditional Survival in Rectal Cancer: A 

SEER Database Analysis. Gastrointest Cancer Res. 2007;1(3):84-9. 

[17] Hart SL, Latini DM, Cowan JE, Carroll PR. Fear of recurrence, treatment satisfaction, and 

quality of life after radical prostatectomy for prostate cancer. Support Care Cancer. 

2008;16(2):161-9. 

[18] Ward E, Jemal A, Cokkinides V, et al. Cancer disparities by race/ethnicity and 

socioeconomic status. CA Cancer J Clin. 2004;54(2):78-93. 

[19] Touijer KA, Mazzola CR, Sjoberg DD, Scardino PT, Eastham JA. Long-term outcomes of 

patients with lymph node metastasis treated with radical prostatectomy without adjuvant 

androgen-deprivation therapy. Eur Urol. 2014;65(1):20-5. 

[20] Nguyen MM and Gill IS. Coded tumor size may be unreliable for small metastatic renal 

cancers in the Surveillance, Epidemiology, and End Results dataset. Urology 2010; 75: 266.  

 

 




