
Received: 14 December 2021 | Accepted: 21 January 2022

DOI: 10.1002/pros.24312

OR I G I NA L A R T I C L E

Effect of chemotherapy in metastatic prostate cancer
according to race/ethnicity groups

Benedikt Hoeh MD1,2 | Christoph Würnschimmel MD2,3 |

Rocco Simone Flammia MD2,4 | Benedikt Horlemann MD2 | Gabriele Sorce MD2,5 |

Francesco Chierigo MD2,6 | Zhe Tian MsC2 | Fred Saad MD, PhD2 |

Markus Graefen MD, PhD3 | Michele Gallucci MD, PhD4 |

Alberto Briganti MD, PhD5 | Carlo Terrone MD, PhD6 |

Shahrokh F. Shariat MD, PhD7,8,9,10,11,12 | Derya Tilki MD, PhD3,13,14 |

Luis A. Kluth MD, PhD1 | Philipp Mandel MD, PhD1 | Felix K. H. Chun MD, PhD1 |

Pierre I. Karakiewicz MD, PhD2

1Department of Urology, University Hospital Frankfurt, Goethe University Frankfurt, Frankfurt, Germany

2Cancer Prognostics and Health Outcomes Unit, Division of Urology, University of Montréal Health Center, Montréal, Québec, Canada

3Martini‐Klinik Prostate Cancer Center, University Hospital Hamburg‐Eppendorf, Hamburg, Germany

4Department of Maternal‐Child and Urological Sciences, Sapienza Rome University, Policlinico Umberto I Hospital, Rome, Italy

5Unit of Urology, Division of Experimental Oncology, URI, Urological Research Institute, IRCCS San Raffaele Scientific Institute, Milan, Italy

6Department of Surgical and Diagnostic Integrated Sciences (DISC), University of Genova, Genova, Italy

7Department of Urology, Comprehensive Cancer Center, Medical University of Vienna, Vienna, Austria

8Department of Urology, Weill Cornell Medical College, New York City, New York, USA

9Department of Urology, University of Texas Southwestern, Dallas, Texas, USA

10Department of Urology, Second Faculty of Medicine, Charles University, Prague, Czech Republic

11Institute for Urology and Reproductive Health, I.M. Sechenov First Moscow State Medical University, Moscow, Russia

12Hourani Center for Applied Scientific Research, Al‐Ahliyya Amman University, Amman, Jordan

13Department of Urology, University Hospital Hamburg‐Eppendorf, Hamburg, Germany

14Department of Urology, Koc University Hospital, Istanbul, Turkey

Correspondence

Benedikt Hoeh, MD, Cancer Prognostics and

Health Outcomes Unit, Department of

Urology, University of Montréal Health Center,

Canada, University Hospital Frankfurt, Goethe

University Frankfurt, Theodor‐Stern‐Kai 7,
60590 Frankfurt, Germany.

Email: benedikt.hoeh@kgu.de

Abstract

Background: No North‐American study tested the survival benefit of chemotherapy

in de novo metastatic prostate cancer according to race/ethnicity. We addressed

this void.

Methods: We identified de novo metastatic prostate cancer patients within the

Surveillance, Epidemiology, and End Results database (2014–2015). Separate and

specific Kaplan–Meier plots and Cox regression models tested for overall survival

differences between chemotherapy‐exposed versus chemotherapy‐naïve patients in

four race/ethnicity groups: Caucasian versus African‐American versus Hispanic/Latino
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vs Asian. Race/ethnicity specific propensity score matching was applied. Here,

additional landmark analysis was performed.

Results: Of 4232 de novo metastatic prostate cancer patients, 2690 (63.3%)

were Caucasian versus 783 (18.5%) African‐American versus 504 (11.8%) His-

panic/Latino versus 257 (6.1%) Asian. Chemotherapy rates were: 21.3% versus

20.8% versus 21.0% versus 20.2% for Caucasians versus African‐Americans

versus Hispanic/Latinos versus Asians, respectively. At 30 months of follow‐up,

overall survival rates between chemotherapy‐exposed versus chemotherapy‐

naïve patients were 61.5 versus 53.2% (multivariable hazard ratio [mHR]: 0.76,

95 confidence interval [CI]: 0.63–0.92, p = 0.004) in Caucasians, 55.2 versus

51.6% (mHR: 0.76, 95 CI: 0.54–1.07, p = 0.11) in African‐Americans, 62.8 versus

57.0% (mHR: 1.11, 95 CI: 0.73–1.71, p = 0.61) in Hispanic/Latinos and 77.7

versus 65.0% (mHR: 0.31, 95 CI: 0.11–0.89, p = 0.03) in Asians. Virtually the

same findings were recorded after propensity score matching within each race/

ethnicity group.

Conclusions: Caucasian and Asian de novo metastatic prostate cancer patients ex-

hibit the greatest overall survival benefit from chemotherapy exposure. Conversely,

no overall survival benefit from chemotherapy exposure could be identified in

either African‐Americans or Hispanic/Latinos. Further studies are clearly needed to

address these race/ethnicity specific disparities.

K E YWORD S

chemotherapy, metastatic prostate cancer, race/ethnicity disparities

1 | INTRODUCTION

Survival in metastatic prostate cancer (mPCa), irrespectively of

promising new systemic therapies, remains low.1–6 To the best of

our knowledge, no large scale, sufficiently‐powered, North‐

American study examined the effect of race/ethnicity on overall

survival benefit from chemotherapy in de novo mPCa.2,7–11 The

effect of race/ethnicity was examined in few post hoc analyses of

prospective randomized trials.12 However, no prospective rando-

mized trials examining the effect of systemic therapies on overall

survival in de novo mPCa, relied on preplanned race/ethnicity

stratification schemes.13–15 Moreover, the proportions of race/

ethnicity groups other than Caucasian, were small, and so were the

actual numbers of included patients from race/ethnicity groups

other than Caucasians.12 Taken together, it is unknown, whether

North‐American race/ethnicity groups other than Caucasians,

benefit of systemic chemotherapy. We addressed these knowl-

edge gaps in the current analysis. Specifically, we hypothesized

that chemotherapy in de novo mPCa is associated with similar

benefits across all race/ethnicity groups. We tested this hypoth-

esis relying on the Surveillance, Epidemiology, and End Results

(SEER) database (2014–2015).

2 | MATERIALS AND METHODS

2.1 | Study population

The current SEER database samples 34.6% of the US population and

approximates it in demographic composition and cancer incidence.16

Within the SEER database (2014–2015), we identified patients

≥18 years old with de novo metastatic, histologically confirmed

adenocarcinoma of the prostate, diagnosed at biopsy (International

Classification of Disease for Oncology [ICD‐O‐3] code 8140 site code

C61.9) between 2014 and 2015. Patients with unknown cM‐stage,

cases identified at autopsy or through death certificates, unknown

histology or non‐primary prostate cancers were excluded. The study

focused on the four most prevalent race/ethnicity groups (Caucasian,

African‐American, Hispanic/Latino, Asian). These selection criteria

resulted in a cohort of eligible 4234 de novo mPCa patients.

2.2 | Statistical analyses

The statistical analyses consisted of four steps. First, we addressed

overall survival in separate and distinct analyses that addressed four
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race/ethnicity groups: Caucasian, African‐American, Hispanic/Latino,

Asian. Within each race/ethnicity group‐specific analysis, we relied

on Kaplan–Meier plots and Cox regression models to test for overall

survival differences according to chemotherapy status. Covariates

consisted of age at diagnosis, PSA groups (<20, 20–90, >90 ng/ml),

Gleason Grade group (GGG) at biopsy (≤IV, V, unknown), clinical M‐

stage (cM1a/b, cM1c) and local treatment (yes, no) for each race/

ethnicity group separately.

Second within each race/ethnicity group, we separately relied on

propensity score matching to address potential differences between

chemotherapy‐exposed versus chemotherapy‐naïve patients. Propensity

score matching variables consisted of age (per year interval), PSA (≤97,

>97 ng/ml), GGG (≤IV, V, unknown), cT‐stage (≤cT2, cT3/4, cTx), cN‐stage

(cN0, cN1, cNx), cM‐stage (cM1a/b, cM1c, cM1unspecific) and local

treatment (yes, no, unknown). Due to sample size limitations in Asian

patients, propensity score matching variables consisted of age (per year

F IGURE 1 Kaplan–Meier plots illustrating overall survival in 2690 Caucasian de novo metastatic prostate cancer patients (A) before
propensity score matching and (B) in 1520 patients after propensity score matching, stratified by chemotherapy status

678 | HOEH ET AL.
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interval), PSA (≤97, >97 ng/ml), GGG (≤IV, V, unknown), cT‐stage (≤cT2,

cT3/4, cTx), cM‐stage (cM1a/b, cM1c, cM1unspecific) and local treat-

ment (yes, no, unknown). Each chemotherapy exposed patient was

matched with one chemotherapy naïve patient within each race group.

The exception consisted of Caucasians, in which one chemotherapy‐

exposed patient was matched with two chemotherapy‐naïve patients.

Third, after propensity score matching, all Kaplan–Meier plots and

Cox regression models were separately refitted within the four separate

and distinct race/ethnicity groups: Caucasian, African‐American, His-

panic/Latino, Asian. The same covariates as above were used.

Finally, survival analyses were repeated in propensity score

matched cohorts after landmark analysis (3 months) was applied.

3 | RESULTS

3.1 | Descriptive characteristics

Between 2014 and 2015, we identified 4234 de novo mPCa patients.

Of those, 2690 (63.3%) were Caucasian, 783 (18.5%) were African‐

American, 504 (11.8%) were Hispanic/Latino and 257 (6.1%) were

Asian. Chemotherapy rates were: 21.3% (n = 573), 20.8% (n = 163),

21.0% (n = 106), 20.2% (n = 52) for the four race/ethnicity groups:

Caucasian, African‐American, Hispanic/Latinos and Asian.

In general, chemotherapy‐exposed patients differed from their

chemotherapy‐naïve counterparts with respect to younger age: Cau-

casian (64 vs. 72 years, p < 0.001), African‐American (61 vs. 65 years,

p< 0.001), Hispanic/Latino (61 vs. 68 years, p < 0.001), Asian (64 vs. 70

years, p < 0.001) (Figure 1). Similarly, chemotherapy‐exposed Cauca-

sians, African‐Americans and Hispanic/Latinos also harbored higher

proportions of clinical N1‐stage (45% vs. 31%, p< 0.001; 45% vs. 33%,

p= 0.013; 44% vs. 33%, p = 0.040) compared to their chemotherapy‐

naïve counterparts. Race/ethnicity specific differences were also iden-

tified. For example, chemotherapy‐exposed Caucasians harbored higher

proportions of GGG V (55% vs. 44%, p <0.001) and higher proportions

of cM1c‐stage (18% vs. 13%, p = 0.004) compared to their

chemotherapy‐naïve counterparts. Furthermore, higher proportions of

PSA >90 ng/ml only applied to chemotherapy‐exposed African‐

American (75% vs. 64%, p= 0.025), compared to their chemotherapy‐

naïve counterparts. Finally, unlike other race/ethnicity groups, no sig-

nificant differences were recorded among chemotherapy‐exposed and

chemotherapy‐naïve Asian patients (Table 1).

3.2 | Overall survival in Caucasian race/ethnicity

Unmatched analyses compared 573 chemotherapy‐exposed versus

2117 chemotherapy‐naïve Caucasian patients. At 30 months of

follow‐up, overall survival rates were 61.5 versus 53.2%, favoring

chemotherapy‐exposed patients (Figure 1A), translating into a mul-

tivariable hazard ratio of 0.76 (confidence interval [CI]: 0.63–0.92,

p = 0.004). Propensity score matched analyses resulted in 537

chemotherapy‐exposed versus 983 chemotherapy‐naïve patients. NoT
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statistically significant differences remained between two cohorts. At

30 months of follow‐up, overall survival rates were 63.4 versus

57.0%, favoring chemotherapy‐exposed patients (Figure 1B), trans-

lating into a multivariable hazard ratio of 0.77 (CI: 0.62–0.93,

p = 0.008) (Table 2). The above results remained unchanged in pro-

pensity score matched cohorts following landmark analyses (multi-

variable hazard ratio: 0.80; CI: 0.65–0.98; p = 0.03).

3.3 | Overall survival in African‐American race/
ethnicity

Unmatched analyses compared 163 chemotherapy‐exposed versus

620 chemotherapy‐naïve African‐American patients. At 30 months of

follow‐up, overall survival rates were 55.2 versus 51.6%, favoring

chemotherapy‐exposed patients (Figure 2A), translating into a mul-

tivariable hazard ratio of 0.76 (CI: 0.54–1.07, p = 0.11). Propensity

score matched analyses resulted in 150 chemotherapy‐exposed

versus 150 chemotherapy‐naïve patients. No statistically significant

differences remained between the two cohorts. At 30 months of

follow‐up, overall survival rates were 56.3 versus 51.9%, favoring

chemotherapy‐exposed patients (Figure 2B), translating into a mul-

tivariable hazard ratio of 0.83 (CI: 0.55–1.26, p = 0.37) (Table 2).

3.4 | Overall survival in Hispanic/Latino
race/ethnicity

Unmatched analyses compared 106 chemotherapy‐exposed versus

398 chemotherapy‐naïve Hispanic/Latino patients. At 30 months of

follow‐up, overall survival rates were 62.8 versus 57.0%, favoring

chemotherapy‐exposed patients (Figure 3A), translating into a

multivariable hazard ratio of 1.11 (CI: 0.73–1.71, p = 0.61). Propensity

score matched analyses resulted in 97 chemotherapy‐exposed versus

97 chemotherapy‐naïve patients. No statistically significant differ-

ences remained between the two cohorts. At 30 months of follow‐

up, overall survival rates were 62.7 versus 56.1%, favoring

chemotherapy‐exposed patients (Figure 3B), translating into a mul-

tivariable hazard ratio of 0.79 (CI: 0.48–1.32, p = 0.37) (Table 2).

3.5 | Overall survival in Asian race/ethnicity

Unmatched analyses compared 52 chemotherapy‐exposed versus 205

chemotherapy‐naïve Asian patients. At 30 months of follow‐up, overall

survival rates were 77.7 versus 65.0%, favoring chemotherapy‐

exposed patients (Figure 4A), translating into a multivariable hazard

ratio of 0.31 (CI: 0.11–0.89, p = 0.03). Propensity score matched

analyses resulted in 40 chemotherapy‐exposed vs 40 chemotherapy‐

naïve patients. No statistically significant differences remained be-

tween the two cohorts. At 30 months of follow‐up, overall survival

rates were 79.8 versus 55.0%, favoring chemotherapy‐exposed pa-

tients (Figure 4B), translating into a multivariable hazard ratio of 0.20

(CI: 0.06–0.71, p = 0.01) (Table 2). The above results remained un-

changed in propensity score matched cohorts following landmark

analyses (multivariable hazard ratio: 0.20; CI: 0.06–0.72; p = 0.01).

4 | DISCUSSION

We hypothesized that chemotherapy in mPCa is associated with si-

milar benefits across all race/ethnicity groups. We tested this hy-

pothesis within the SEER database between 2014 and 2015. We

made several noteworthy findings.

TABLE 2 Race/ethnicity group
specific uni‐ and multivariable Cox
regression models predicting overall
mortality in metastatic prostate cancer
patients according to chemotherapy
exposure before and after propensity
score matching

Univariable Multivariable
Hazard ratio 95 CI p value Hazard ratio 95 CI p value

Caucasian

Unmatched data 0.70 0.59–0.83 0.001 0.76 0.63–0.92 0.004

PSM data 0.79 0.65–0.96 0.02 0.77 0.62–0.93 0.008

African‐American

Unmatched data 0.79 0.57–1.08 0.14 0.76 0.54–1.07 0.11

PSM data 0.80 0.53–1.20 0.29 0.83 0.55–1.26 0.37

HIspanic/Latino

Unmatched data 0.93 0.62–1.38 0.70 1.11 0.73–1.71 0.61

PSM data 0.80 0.48–1.31 0.37 0.79 0.48–1.32 0.37

Asian

Unmatched data 0.34 0.14–0.85 0.02 0.31 0.11–0.89 0.03

PSM data 0.21 0.06–0.72 0.01 0.20 0.06–0.71 0.01

Note: Cox regression models were adjusted for age, PSA, Gleason grade group, cM‐stage and local
treatment. Hazard Ratios indicate effect of chemotherapy exposure on overall mortality.

Abbreviations: CI, confidence interval; PSM, propensity‐score matching.
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First, the proportions and absolute numbers of patients identified

within race/ethnicity groups other than Caucasian are small in

prostate cancer and even smaller in numbers in mPCa.17–20 The

current analysis validates the difficulty in analyses addressing race/

ethnicity specific differences. In mPCa, these difficulties related to

small numbers of observations in African‐American (n = 738), His-

panic/Latino (n = 257) and Asian (n = 257) patients relative to a large

contingent of Caucasians (n = 2690). We relied on the second largest

North‐American, epidemiological database (SEER).16 Relative to

SEER, only one similar observational database, namely the National

Cancer Database (NCDB), can provide larger absolute numbers. The

same sample size limitations, that apply to race/ethnicity groups

other than Caucasian, were operational in all mPCa trials, where very

small proportions and very small absolute numbers of race/ethnicity

groups other than Caucasian were included.13,14,21 For example post

hoc analyses of one of the largest phase 3 trials addressing systemic

therapy in mPCa (CHAARTED) only enrolled 78 African‐American, 38

Hispanic and 8 Asian patients.12 These numbers were clearly

F IGURE 2 Kaplan–Meier plots illustrating overall survival in 783 African‐American de novo metastatic prostate cancer patients (A) before
propensity score matching and (B) in 300 patients after propensity score matching, stratified by chemotherapy status
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insufficient to prospectively plan a stratification scheme that would

allow specific race/ethnicity group analyses.22 In consequence, few

completed and reported phase 3 trials provided post hoc race/eth-

nicity stratified analyses.12 Several others did not even include race/

ethnicity in post hoc analyses.

Taken together, these observations emphasize important data

gaps related to race/ethnicity when systemic chemotherapy for

mPCa is considered.

Second, we relied on four race/ethnicity group specific analyses

testing the effect of chemotherapy on overall survival in (1) Cauca-

sian, (2) African‐American, (3) Hispanic/Latino and (4) Asian mPCa

patients. Within three race/ethnicity groups (Caucasian, African‐

American, Hispanic/Latino) we observed a more aggressive prostate

cancer phenotype in chemotherapy‐exposed patients than in their

chemotherapy‐naïve counterparts. Based on these race/ethnicity

prostate cancer phenotype differences, our analyses relied on

F IGURE 3 Kaplan–Meier plots illustrating overall survival in 504 Hispanic de novo metastatic prostate cancer patients (A) before propensity
score matching and (B) in 194 patients after propensity score matching, stratified by chemotherapy status
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propensity score matched data to maximally reduce the differences in

age and prostate cancer characteristics between chemotherapy‐

exposed versus chemotherapy‐naïve prostate cancer patients, within

each specific race/ethnicity group.

Third, in both unmatched, as well propensity score matched

analyses, we recorded statistically significantly lower overall mortality

in Caucasians, who represent the largest race/ethnicity group. It is

also noteworthy, that statistically significantly lower overall mortality

was also recorded in Asians, who represent the smallest race/ethni-

city group. These observations indicate two important facts.

Chemotherapy‐exposure is associated with a potential survival ben-

efit in Caucasian and Asian patients with or without adjustment for

patient and tumor characteristics differences. Specifically, the mag-

nitude of overall mortality reduction was even stronger in matched

Asian cohorts. Additionally, it is of utmost importance to note, that

lower overall mortality, that was recorded in chemotherapy‐exposed

patients, was documented in equally important degree in the nu-

merically smallest, Asian race/ethnicity group. In consequence, de-

spite most important sample size and power limitations that apply to

Asian race/ethnicity group, the effect of chemotherapy and lower

F IGURE 4 Kaplan–Meier plot illustrating overall survival in 257 Asian de novo metastatic prostate cancer patients (A) before propensity
score matching and (B) in 80 patients after propensity score matching, stratified by chemotherapy status
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overall mortality rates in chemotherapy‐exposed patients could be

documented with high degree of statistically significance, in both

matched and unmatched analyses. These observations regarding

Asian mPCa patients are in agreement with previous reports.23–25 It

is of utmost importance to note, that the effect of chemotherapy was

not associated with lower overall mortality in African‐Americans

(second largest race/ethnicity group), as well as in Hispanic/Latinos

(third largest race/ethnicity group).

Taken together, our results indicate, that the recorded lack of

overall survival benefit associated with chemotherapy administration

in African‐American and Hispanic/Latino patients cannot be solely

attributed to sample size or power consideration, since a strong

overall survival benefit was recorded in a much smaller patient sub-

group (Asian). Clinical implications of the above findings clearly in-

dicate that prospective analyses addressing chemotherapy benefit in

African‐American and Hispanic/Latino patients are urgently needed.

In absence of such data in the foreseeable future, additional retro-

spective epidemiological analyses mirroring the current study should

be carried out. The NCDB represents an ideal data pool to carry out

such analysis with the intent of validating or refusing our analysis.

Several limitations applied to our study. First, the rate of che-

motherapy exposure is low in the current study. It is nonetheless very

similar to the rate observed in other large‐scale population‐based

studies.18,26 Moreover, the nature of administered chemotherapy

and adherence is unknown with respect to its type, number of lines,

overall duration as well as, individual efficacy of used regimens.

Moreover, SEER does not provide information regarding concomitant

medication such as antiandrogen deprivation therapy. This limitation

is shared with other population‐based data examining chemotherapy

effects and should be interpretated accordingly.26–28 Second, the

retrospective nature of the study introduces a number of selection

biases, that distinguish chemotherapy exposed patients from others.

Differences in patient and clinicopathological features that were not

captured by SEER may have influenced the current findings. More-

over, as reported, chemotherapy‐exposed patients tended to harbor

more aggressive prostate cancer phenotypes. To address these biases

multivariable analyses were complemented by propensity score

matching, to more completely and strictly address these differences.

Third, patient numbers, especially for Asians were low. Finally, a

number of established predictors of survival (lactate dehydrogenase,

hemoglobin) for mPCa patients were unavailable in both the current

as well as other population‐based studies that include the NCDB.29,30

5 | CONCLUSIONS

De novo mPCa Caucasian and Asian race/ethnicity patients exhibit

higher overall survival, when exposed to chemotherapy. Conversely,

these observations could not be made for African‐American and

Hispanic/Latino patients. Since we observed significant improved

overall survival in the largest and smallest race/ethnicity subgroup,

lack of improved overall survival in the second and third subgroup is

unlikely related to sample size limitations.
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