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  Abstract 
  Background.  Chemotherapy prolongs life and relieves symptoms in men with castration resistant prostate cancer (CRPC). 
There is limited information on a population level on the use of chemotherapy for CRPC.  Material and methods.  To assess 
the use of chemotherapy in men with CRPC we conducted a register-based nationwide population-based study in Prostate 
Cancer data Base Sweden (PCBaSe) and a nationwide in-patient drug register (SALT database) between May 2009 and 
December 2010. We assumed that men who died of prostate cancer (PCa) underwent a period of CRPC before they died. 
 Results.  Among the 2677 men who died from PCa during the study inclusion period, 556 (21%) had received chemo-
therapy (intravenous or per oral) detectable within the observation period in SALT database. Specifi cally, 239 (61%) of 
men    �    70 years had received chemotherapy, 246 (30%) of men between 70 and 79 years and 71 (5%) men older than 80 
years. The majority of men 465/556 (84%) had received a docetaxel-containing regimen. Among chemotherapy treated 
men, 283/556 (51%) received their last dose of chemotherapy during the last six months prior to death. Treatment with 
chemotherapy was more common among men with little comorbidity and high educational level, as well as in men who 
had received curatively intended primary treatment.  Conclusion.  A majority of men younger than 70 years with CRPC were 
treated with chemotherapy in contrast to men between 70 and 79 years of whom half as many received chemotherapy. 
Chemotherapy treatment was often administered shortly prior to death. The low uptake of chemotherapy in older men 
with CRPC may be caused by concerns about tolerability of treatment, as well as treatment decisions based on chrono-
logical age rather than global health status.   

 In 2004, docetaxel was shown to increase survival, 
relieve symptoms, and increase quality of life in men 
with metastatic castration resistant prostate cancer 
(CRPC) and docetaxel is currently gold standard for 
fi rst line chemotherapy for CRPC [1 – 3]. A survival 
benefi t of nine months was observed in men with 
CRPC treated with weekly docetaxel and prednisone 
compared to men treated with only prednisone [4]. 
The benefi cial effects of docetaxel has been docu-
mented both in symptomatic and asymptomatic 
CRPC and it is independent of age and performance 
status at initiation of therapy [3,5]. According to 

 several guidelines, docetaxel should be initiated in 
symptomatic disease [3,6], but treatment of asymp-
tomatic men with CRPC and a short prostate- 
specifi c antigen (PSA) doubling time or high PSA 
serum levels should be considered since early che-
motherapy results in increased survival compared to 
delayed treatment [3,6]. 

 Little is known about the use of chemotherapy 
in men with CRPC on a population level. A few 
single institutions and one population-based study 
have reported low treatment intensity, ranging from 
12% to 37% [7 – 10]. In order to assess the use of 
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 chemotherapy in men with CRPC we conducted a 
register-based, nationwide population-based study in 
Prostate Cancer data Base Sweden (PCBaSe) com-
bined with a nationwide drug register.  

 Material and methods  

 The National Prostate Cancer Register 
(NPCR) of Sweden 

 The National Prostate Cancer Register (NPCR) cap-
tures 98% of all incident PCa cases in Sweden since 
1998 and contains detailed information on tumor 
characteristics and primary treatment [11]. Tumor 
risk category was based on a modifi cation of the 
National Comprehensive Cancer Network Practice 
Guidelines in Oncology [12] and classifi ed into fi ve 
risk groups, defi ned as: 1) low-risk with (clinical 
stage T1-2, Gleason score 2-6, and PSA    �    10 ng/ml); 
2) intermediate-risk (T1-2, Gleason score 7 and/or 
PSA 10 – 20); 3) high-risk (T3 and/or Gleason score 
8 – 10 and/or PSA 20 – 50); 4) Regionally metastatic 
(T4 and/or N1 and/or PSA 50 – 100 without distant 
metastasis); and 5) distant metastasis (M1 and/or 
PSA    �    100) [12].   

 Prostate Cancer data Base Sweden (PCBaSe) 

 By using the individually unique Swedish personal 
identity number, NPCR has been linked to a number 
of other population-based healthcare registers and 
demographic databases forming the Prostate Cancer 
data Base Sweden (PCBaSe). The database has 
recently been described in detail [11]. Information on 
underlying and contributing cause of death according 
to ICD-10 and date of death was obtained from the 
Cause of Death Register capturing all deaths in 
 Sweden. The validity of the Cause of Death Register 
has been demonstrated to be high for prostate cancer 
(PCa). There was an overall 96% agreement on PCa 
as the cause of death when death certifi cates obtained 
from the Cause of Death Register were compared 
with the cause of death assigned by an independent 
blinded committee review in the G ö teborg screening 
trial [13], and in another study with a wider range in 
stage and grade, the agreement on cause of death 
between the Register and chart review was 86% [14]. 
Information on medical conditions other than cancer 
was obtained from the National Patient Register, 
where the main diagnosis and up to seven secondary 
discharge diagnoses from in-hospital stays beside the 
PCa diagnosis were retrieved. The capture rate for 
somatic in-patient care is virtually 100%. Malignan-
cies other than PCa were identifi ed in the Swedish 
Cancer Register. The Charlson Comorbidity Index 
(CCI) was used to assess the burden of concomitant 

disease for each man [15]. The CCI consists of 18 
groups of diseases with a specifi c weight assigned to 
each disease category (1, 2, 3 and 6). The weights 
were then summed to obtain an overall score, result-
ing in the four comorbidity levels of CCI (0, 1, 2, 3 � ) 
[16]. When assessing the individual CCI for men with 
PCa in this study, PCa with a weight of 2 and meta-
static cancer with a weight of 6 were excluded from 
the assessment. Demographic data was obtained from 
the Register of the Total Population [11]. Information 
on educational level was retrieved from Longitudinal 
integration database for health insurance and labor 
market studies database [LISA (acronym in Swed-
ish)], a database containing data on all Swedish resi-
dents aged 16 and over on educational level, disposable 
income, socioeconomic index, welfare benefi ts and 
employment status which is updated annually. Men 
were categorized according to the highest attained 
level of education, into  ‘ low ’  (1 – 9 years mandatory 
school),  ‘ middle ’  (10 – 12 years high school), and  ‘ high ’  
(university studies or equivalent).   

 Drug registers    

 The Swedish Prescribed Drug Register.   Information on 
prescribed peroral drugs was retrieved from The 
Swedish Prescribed Drug Register containing data 
on all prescriptions dispensed in Swedish pharmacies 
in an out-patient setting. The register does not 
include data on over-the-counter medications or 
drugs used in-hospital or in nursing homes. The reg-
ister is updated monthly and the capture rate is virtu-
ally complete, with data on patients ’  identities 
missing for less than 0.3% [11].   

 In-hospital medication database.   During the observa-
tion period (21 May 2008  –  31 December 2010), the 
Sjukhusapotekens l ä kemedelstillverkning (SALT)/
Hospital pharmaceutical manufacturing database 
contained individual information on type of chemo-
therapy, dose and date of production on all chemo-
therapy prepared in 27 of 30 Swedish hospital 
pharmacies. Three hospitals in the southern region 
could not be included in our analyses since their che-
motherapy prescriptions were not registered in this 
database. Information on chemotherapy prepared 
locally in out-patient clinics was not registered in the 
SALT database and hence not included in the study. 
After three years the personal identity number is 
erased from the SALT database and thereafter data 
on an individual level cannot be analyzed.    

 Study population, design and statistical methods 

 NPCR only collects data from the initial six month 
time period after date of diagnosis. Thus, men with 
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CRPC cannot be identifi ed in this register and 
therefore we used an indirect method to capture 
men with CRPC. Based on that     �    90% of men in 
NPCR who died of PCa had received androgen 
deprivation therapy we assumed that men who died 
of PCa underwent a period of CRPC before death. 
Included cases were men diagnosed with PCa, 
 registered in the NPCR prior or during the observa-
tion period in SALT database (21 May 2008  –  31 
 December 2010) and who died of PCa during the 
study inclusion period (21 May 2009  –  31  December 
2010,  Figure 1). This allowed for a minimum 
 follow-up of one year in the SALT database. 

 The odds of initiation of chemotherapy for vari-
ous subgroups of men was compared by logistic 
regression and presented as odds ratios (OR) with 
95% confi dence intervals (CI). This was done in 
univariate models and in a multivariate model 
including age, CCI, educational level, initial PCa 
treatment, concomitant cancer, ongoing endocrine 
treatment, and region. The results from univariate 
and multivariate analysis were very similar and 
therefore only the results from the univariate analy-
sis are presented. A sensitivity analysis restricted to 
men who died in year 2010 was performed to ensure 
a longer time period when use of chemotherapy 
could be assessed.    

 Results  

 Chemotherapy treatment frequency and timing 

 A total of 2677 men died of PCa during the study 
inclusion period (Table I). Among these 2677 men, 
556 (21%) men received chemotherapy (intrave-
nous or peroral) detectable within the observation 
period in SALT database (Table II). Half of these 
men 283/556 (51%) received their last course of 
chemotherapy within six months of their death and 
105/556 (19%) of patients received their last course 
of chemotherapy less than two months prior to 
death.   

 Chemotherapy regimens 

 A total of 19 different chemotherapy agents were 
utilized (Table III). The majority of men received 
only fi rst line single docetaxel 395/556 (71%) 
(Table II). Some men received docetaxel followed 
by second line treatment with mitoxantrone 46/556 
(8%) or other second line intravenous cytostatics 
(carboplatin, etoposide, gemcitabin, doxorubicin) 
20/556 (4%). The four patients (1%) who received 
only mitoxantrone, had probably received doc-
etaxel as fi rst line treatment but before the obser-
vation period in the SALT database. Based on this 

  Figure 1.      Inclusion/exclusion in study of chemotherapy use in men with castration resistant prostate cancer (PCa) in PCBaSe Sweden. 
Study inclusion period is the period during which a case had to die of PCa to be included. Observation period in SALT database is the 
period prior to death during which data on use of chemotherapy was available. Sjukhusapotekens l ä kemedelstillverkning (SALT)/Hospital 
pharmaceutical manufacturing database, an in-hospital medication database. Solid lines represents men followed diagnosed with PCa. 
Grey and black colors used for time with unknown and known chemotherapy status respectively. The solid lines ends in PCa death (dark 
grey) or death of other causes (light grey). The inclusion criteria are men dead from PCa within the study inclusion period 21 May 2009 
and 31 December 2010. PCa diagnosis recorded in NPCR. Cases included: 1) Men who were diagnosed with PCa, registered in NPCR 
prior to the observation period in SALT database and died from PCa during the study inclusion period; and 2) Men diagnosed with PCa 
during the observation period in SALT database and died from PCa during the study inclusion period. Cases excluded: 3) Men who died 
from PCa prior to the study inclusion period; 4) Men who died from other causes during the study inclusion period; and 5) Men still 
alive at end of the observation period in SALT database.  
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 assumption, a total of 465/556 (84%) men had 
received some  docetaxel containing regimen. A small 
group, 66/556 men (12%) received only peroral che-
motherapy out of which single cyclophosphamide 
was most common followed by single estramustine 
and KEES (peroral combination therapy regimen 
including ketoconazole, estramustine, etoposide and 
cyclophosphamide (Table II) [17]. The majority of 
men, 75/105 (71%), who received chemotherapy 
less than two months prior to death received doc-
etaxel, 14/105 (13%) men received mitoxantrone, 
1/105 (1%) man received docetaxel and mitoxan-
trone and 15/105 (14%) men received other types 
of chemotherapy. Among the 556 chemotherapy 
treated men, 51 (9%) had a second primary cancer 
(Table I).   

 Chemotherapy treatment, tumor characteristics and 
primary curative treatment 

 Most men (86%) who received chemotherapy had 
high risk, regionally, or distant metastatic PCa at 
diagnosis (Table I). Men primarily treated with cura-
tive intent had a higher likelihood of chemotherapy 
treatment (Figure 2).   

 Chemotherapy treatment and age 

 Median age at start of chemotherapy was 69.8 years 
(Q1    �    65.2, Q3    �    75.4). The majority of treated men 
458/556 (82%) were between 60 and 79 years old 
(Figure 2). A higher proportion of younger men com-
pared to older men were treated with chemotherapy 

  Table I. Clinical and demographic characteristics of men who died from prostate cancer treated or not 
treated with chemotherapy in PCBaSe Sweden.  

Chemotherapy 
(n    �    556)

No chemotherapy 
(n    �    2121)

All cases 
(n    �    2677)

Age, n (%)
    �    60 years 27 (4.9) 16 (0.8) 43 (1.6)
   60 – 69 years 212 (38.1) 138 (6.5) 350 (13.1)
   70 – 79 years 246 (44.2) 552 (26.0) 798 (29.8)
   80 – 89 years 68 (12.2) 1122 (52.9) 1190 (44.5)
   90    �    years 3 (0.5) 293 (13.8) 296 (11.1)
Risk category at diagnosis, n (%)
   Low-risk 17 (3.1) 78 (3.7) 95 (3.5)
   Intermediate-risk 52 (9.4) 245 (11.6) 297 (11.1)
   High-risk 128 (23.0) 674 (31.8) 802 (30.0)
   Regionally metastatic 85 (15.3) 320 (15.1) 405 (15.1)
   Distant metastases 268 (48.2) 775 (36.5) 1043 (39.0)
   Missing data 6 (1.1) 29 (1.4) 35 (1.3)
Endocrine treatment, n (%)
   Anti-androgen 3 (0.5) 55 (2.6) 58 (2.2)
   GnRH/Orchiectomy 549 (98.7) 1963 (92.6) 2512 (93.8)
   No endocrine treatment 4 (0.7) 103 (4.9) 107 (4.0)
Charlson Comorbidity Index, n (%)
   CCI 0 370 (66.5) 1010 (47.6) 1380 (51.6)
   CCI 1 109 (19.6) 505 (23.8) 614 (22.9)
   CCI 2 47 (8.5) 331 (15.6) 378 (14.1)
   CCI 3 � 30 (5.4) 275 (13.0) 305 (11.4)
Educational level, n (%)
   High 136 (24.5) 273 (12.9) 409 (15.3)
   Middle 208 (37.4) 704 (33.2) 912 (34.1)
   Low 208 (37.4) 1112 (52.4) 1320 (49.3)
   Missing data 4 (0.7) 32 (1.5) 36 (1.3)
Other cancer
   None 505 (90.8) 1840 (86.8) 2345 (87.6)
   Bladder/kidney 8 (1.4) 56 (2.6) 64 (2.4)
   Colorectal 8 (1.4) 49 (2.3) 57 (2.1)
   Malignant melanoma/neoplasm of skin 12 (2.2) 65 (3.1) 77 (2.9)
   Other 22 (4.0) 77 (3.6) 99 (3.7)
   Mixture of other cancers 1 (0.2) 34 (1.6) 35 (1.3)
Region
   County with University hospital 279 (50.2) 1100 (51.9) 1379 (51.5)
   County with Oncology department 178 (32.0) 664 (31.3) 842 (31.5)
   County without University hospital or 

Oncology department
99 (17.8) 357 (16.8) 456 (17.0)

    For defi nition of risk category, comorbidity, educational level, see material and methods section.   
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(Figure 2). In total 239/393 (61%) of men    �    70 years 
received chemotherapy in contrast to men between 
70 and 79 years where 246/798 (31%) received che-
motherapy and only 71/1486 (5%) of men over the 
age of 80 (Table I).   

 Chemotherapy treatment and comorbidity 

 A higher proportion of men with CRPC with no or 
little comorbidity (CCI 0-1) 479/556 (86%) received 
chemotherapy than men with high comorbidity (CCI 
2 � ) 77/556 (14%) (Figure 2, Table I). A majority of 
non-treated men, 1515/2121 (71%) also had little or 
no comorbidity. In total only 479/1994 (24%) of 
men with CRPC and little or no comorbidity (CCI 
0-1) received chemotherapy.   

 Chemotherapy treatment, educational level, regional 
differences and place of residence 

 Men with high educational level were more likely to 
receive chemotherapy treatment than men with low 
educational level (Figure 2). There were marked dif-
ferences between counties in treatment intensity 
(Figure 3). However, place of residence, i.e.  proximity 
to university hospital or oncology department had 
no infl uence on the likelihood of being treated with 
chemotherapy (Figure 2).   

 Endocrine treatment 

 As expected, and according to guidelines, almost 
all 549/556 (99%) of men treated with chemother-
apy were also treated with androgen deprivation 
therapy (ADT; GnRH or bilateral orchiectomy). 
This was also true for the majority of men not 
receiving chemotherapy 1963/2121 (93%). The 
reason that 103 (5%) men not treated with 
 chemotherapy were registered as not receiving 
ADT was most likely explained by the fact that 
many of these men resided in nursing homes and 
ADT was  therefore not registered in the Prescribed 
Drug Register. Besides use in combination with 
chemotherapy, prednisone was also used in late 
palliative care which probably explains why 
510/2121 (24%) of men not treated with chemo-
therapy received prednisone (Table II).    

  Table II. Chemotherapy regimens and timing.  

Chemotherapy 
(n    �    556)

No chemotherapy 
(n    �    2121)

All cases 
(n    �    2677)

Chemotherapy, intravenous, n (%)
   No Docetaxel  �  no other intravenous 

chemotherapy
66 (11.9) 2121 (100.0) 2187 (81.7)

   Docetaxel  �  no other chemotherapy 395 (71.0) 395 (14.8)
   Docetaxel  �  mitoxantrone 46 (8.3) 46 (1.7)
   Docetaxel  �  other chemotherapy 20 (3.6) 20 (0.7)
   No Docetaxel  �  mitoxantrone 4 (0.7) 4 (0.1)
   No Docetaxel �  other chemotherapy 25 (4.5) 25 (0.9)
Chemotherapy, peroral, n (%)
   KEES 35 (6.3) 35 (1.3)
   Cyklophosphamide 50 (9.0) 50 (1.9)
   Estramustine 41 (7.4) 41 (1.5)
   Mixture/other 11 (2.0) 11 (0.4)
   No peroral chemotherapy 419 (75.4) 2121 (100.0) 2540 (94.9)
Prednisone, n (%)
   Yes 407 (73.2) 510 (24.0) 917 (34.3)
   No 149 (26.8) 1611 (76.0) 1760 (65.7)
Time of last dose of chemotherapy
   Peroral chemotherapy 66 (11.9) 2121 (100.0) 2187 (81.7)
   Last chemo 0 – 1 month prior to death 45 (8.1) 45 (1.7)
   Last chemo 1 – 2 month prior to death 60 (10.8) 60 (2.2)
   Last chemo 2 – 6 months prior to death 178 (32.0) 178 (6.6)
   Last chemo 6 – 12 months prior to death 128 (23.0) 128 (4.8)
   Last chemo 1    �    years prior to death 79 (14.2) 79 (3.0)

    KEES, ketokonazole, estramustine, etoposide, sendoxan/cyclophosphamide [17].   

  Table III. The 10 most commonly used chemotherapy agents.  

Agent

1 Docetaxel
2 Mitoxantrone
3 Gemcitabine
4 Carboplatin
5 5-Fluorouracil
6 Etoposide
7 Doxorubicine
8 Paclitaxel
9 Cisplatin

10 Cyclophosphamide
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it highly representative. A potential limitation of our 
study is that some oncology departments may have 
prepared their chemotherapy in-house and not at the 
central hospital pharmacy and thus not registered in 
the SALT database. This was probably rare, due to 
national health and safety regulations for chemother-
apy administration. Another weakness of our data set 
was that chemotherapy use could only be assessed 
during the last 31 months of a man ́ s life as the drug 
register is cleared from all personal  information three 
years after registration. Thus, some men may have 
received chemotherapy treatment before the observa-
tion period in the SALT database [3,18]. These short-
comings notwithstanding, our results provide an 
insight into the use of chemotherapy for CRPC in a 
 ‘ real-life ’  setting in a nationwide, population-based 
cohort. 

 The treatment intensity found in our study is in 
line with previously published mainly single institution 

 Discussion 

 In this population-based nationwide study, the major-
ity of men younger than 70 years (61%) with CRPC 
received chemotherapy in contrast to 30% of men 
between 70 and 79 years and 5% of men over the 
age of 80 years. Treatment was often administered 
shortly prior to death. Men primarily treated with 
curative intent, men with low comorbidity and men 
with high educational level were more often treated 
with chemotherapy. There were marked geographical 
differences in the use of chemotherapy. 

 Strengths of our study included the population-
based nationwide cohort within NPCR including 
 virtually all men who died of PCa in Sweden during 
the study inclusion period 2009 – 2010. Additional 
information on comorbidity, demographic and socio-
economic factors were obtained from other registers 
in PCBaSe [11]. The chemotherapy register included 
27 of 30 (90%) Swedish hospital pharmacies, making 
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  Figure 2.      The likelihood of initiation of chemotherapy for various subgroups of men who died from PCa 2009 – 2010 expressed as odds 
ratios and 95% confi dence intervals. For defi nition of Charlson Comorbidity Index (CCI) and education, see materials and methods 
section. Primary treatment; other palliative, e.g. transurethral resection of the prostate, steroids, analgesics. Endocrine treatment  –  
Gonadotropin Releasing Hormone analogues (GnRH).  



  Chemotherapy in castration resistant prostate cancer   1599

experiences with 14 – 37% of men with CRPC receiv-
ing chemotherapy [7 – 10]. This is in contrast to treat-
ment intensity in other common tumor types such as 
breast- and colorectal cancer in which 30 – 75% of 
patients receive palliative chemotherapy [19 – 22]. 

 The vast majority of men with CRPC in our 
study received a docetaxel containing regimen com-
plying with guidelines [3]. Many other types of che-
motherapy agents were also utilized and several of 
them have only weak evidence in support of their 
use. Several patients received second line chemo-
therapy with mitoxantrone plus prednisone, the 
benefi ts of which are minimal as demonstrated in 
the TAX 327 trial [5]. 

 Chemotherapy among men with CRPC was often 
administered late in life when survival time was short, 
in line with previous studies in prostate, breast, col-
orectal and lung cancer [23,24]. Chemotherapy 
treatment shortly prior to death might be detrimen-
tal to quality of life when there is little hope of  clinical 
benefi t and should therefore be avoided. The avail-
ability of supportive/palliative care units was recently 
shown to decrease futile chemotherapy use when 
survival time was short [25]. 

 Younger men with CRPC were more likely to 
receive chemotherapy than older men, in line with 
earlier studies on prostate, breast and colorectal can-
cer [22,26 – 28] and in our study 61% of men below 
the age of 70 years received chemotherapy. Many 
men with CRPC are old, however, healthy old men 
have similar treatment outcomes as younger men 
[29,30] and old men are equally motivated to receive 
chemotherapy for a survival benefi t [31]. Treatment 
decisions should be made on the basis of biological 
age and comorbidity, a key predictor of life expec-
tancy. A total of 1515 (71%) of men who did not 
receive chemotherapy in this study had little or no 
comorbidity, indicating undertreatment. A geriatric 
assessment tool including biological and clinical cor-
relates of aging may improve decision-making in old 
cancer patients [32,33]. 

 Men with high educational level were more 
likely to receive chemotherapy than men with low 
education. These results are in line with previous 
studies of prostate, lung, breast and colorectal can-
cer [34 – 37]. Men with high education level are also 
more likely to receive primary curative treatment 
[35]. Thus, healthcare seeking behavior and patient-
clinician interactions related to socioeconomic 
 status contribute to inequalities in the management 
of men with PCa both in the curative and palliative 
setting. 

 There were marked differences between counties 
in the use of chemotherapy for men with CRPC, but 
proximity to university hospital or oncology depart-
ment had no impact on the likelihood of chemo-
therapy treatment. Some of these geographical 
differences are probably explained by the number of 
uro-oncologists in the region. 

 In conclusion, despite strong evidence that doc-
etaxel prolongs life and offers palliation in a substan-
tial proportion of men with CRPC only 31% of men 
between 70 and 79 years, dying from PCa during 
2009 – 2010 in Sweden, received chemotherapy in 
contrast to men younger than 70 years of whom 61% 
received chemotherapy. Chemotherapy was often 
administered shortly prior to death. Our data indi-
cate an undertreatment in old men with CRPC who 
are in good general health.                

  Figure 3.      Differences between counties in use of intravenous 
docetaxel chemotherapy treatment, i.e percentage of men dying 
from prostate cancer who received intravenous docetaxel 
chemotherapy prior to death. Data from Sk å ne county is missing 
(gray).  
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