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Abstract:

Introduction: The Halabi model predicts the overall survival (OS) of patients with metastatic castration-resistant prostate
cancer (nCRPC) treated with second-line therapy after docetaxel. We aimed to validate this model externally with an inde-
pendent cohort, outside the setting of a clinical trial.

Methods: In a multi-institutional study, we included 66 patients treated with cabazitaxel after docetaxel for mCRPC. Pa-
tients were stratified according to the two- and three-risk groups of the Halabi nomogram. Kaplan-Meier and Cox propor-
tional hazard analyses were performed to estimate survival and hazard ratios (HRs). The model performance was assessed
using receiver operating characteristic curves, and the associated c-index (area under the curve [AUC]).

Results: The median OS in the two-risk groups was 5.06 months in the high-risk group (n=22) and 12.9 months in the
low-risk group (n=44, p<0.001). High-risk patients had an HR of 9.50 (95% confidence interval (CI) 4.12-21.6, p<0.001)
compared to low-risk patients. For the three-risk groups, the median OS was 6.44 months in the high-risk group (n=15),
5.75 months in the intermediate-risk group (n=11), and 13.7 months in the low-risk group (n=40, p=0.84). Compared to
low-risk patients, intermediate-risk patients had an HR of 7.49 (95% CI 3.08-20.4, p<0.001), and high-risk patients had an
HR of 8.48 (95% CI, 3.39-21.7, p<0.001). The AUC was 0.72 (95% CI 0.64-0.76) for the two-risk stratification. When
comparing different risks, the AUCs were 0.48 (high vs intermediate), 0.66 (high vs low), and 0.65 (intermediate vs low).
Conclusions: The two-risk stratification version but not the three-risk group analysis confirmed the ability of the model to
predict survival. These results support the value of the Halabi nomogram in men receiving post-docetaxel second-line che-
motherapy for mCRPC.
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Introduction ative (such as docetaxel) with activity in docetaxel-resistant

cancers. The TROPIC trial compared the efficacy and safety

Worldwide, prostate cancer was the second most frequently
diagnosed cancer in men and the fifth cause of cancer mortali-
ty in 2020 . The natural course of recurrent or advanced
prostate cancer is progression to castration-resistant prostate
cancer (CRPC) @ ® ), Several therapeutic agents that prolong
survival in men with metastatic CRPC (mCRPC) have been
developed ©. Cabazitaxel is a novel semisynthetic taxane deriv-

of cabazitaxel plus prednisolone with those of mitoxantrone
plus prednisolone in men with mCRPC with progression af-
ter docetaxel ©. Current guidelines recommend treatment
with cabazitaxel in patients with mCRPC and progression fol-
lowing docetaxel chemotherapy, among other treatment op-
tions, including abiraterone,
um-223 @ ®. However, the adequate sequencing of these

enzalutamide, and radi-
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therapies to obtain the greatest benefit has not been well ex-
plained. For this purpose, several prognostic models that pre-
dict survival in patients undergoing chemotherapy have been
developed and validated ©»00-1-(2),

Halabi and colleagues developed a prognostic model to
predict overall survival (OS) in patients with mCRPC treated
with second-line therapy after docetaxel “V. They derived this
model using data from the TROPIC trial, an open-label, mul-
ticenter phase III randomized trial . The trial included 378
men with mCRPC who were treated with docetaxel and 377
men treated with mitoxantrone. The authors externally vali-
dated the model with data from the SPARC trial, a random-
ized, double-blind, placebo-controlled trial %, and compared
the safety and efficacy of satraplatin and prednisone versus pla-
cebo plus prednisone in men with mCRPC previously treated
with one cytotoxic regimen. The model had the following
nine pre-second-line chemotherapy parameters: (i) Eastern
Cooperative Oncology Group performance status of 2, (ii)
time to progression on docetaxel <6 months (iii) presence of
measurable disease, (iv) presence of visceral disease, (v) pain,
(vi) duration of hormonal use, (vii) hemoglobin, (viii) pros-
tate-specific antigen (PSA), and (ix) alkaline phosphatase. This
model stratifies patients into two-risk groups (low and high)
or three risk groups (low, intermediate, and high). However,
the model has not been validated in patients treated outside
the setting of a clinical trial. Thus, this study aimed to validate
this model externally in an independent cohort.

Materials and Methods

Patients

We included patients with mCRPC treated with cabazitaxel
chemotherapy between 2014 and 2017 at the following insti-
tutions: Kyushu University Hospital (Fukuoka), National
Hospital Organization Kyushu Cancer Center (Fukuoka),
Harasanshin Hospital (Fukuoka), Oita Prefectural Hospital
(Oita), National Hospital Organization Kyushu Medical Cen-
ter (Fukuoka), Kyushu Central Hospital (Fukuoka), Kita-
kyushu Municipal Medical Center (Kitakyushu), Japanese
Red Cross Fukuoka Hospital (Fukuoka), JCHO Kyushu
Hospital (Kitakyushu), and Miyazaki Prefectural Miyazaki
Hospital (Miyazaki) @. This study was approved by the insti-
tutional review board of Kyushu University, approval number
2019-230. Patients with (i) a histopathological diagnosis of
carcinoma of the prostate; (ii) age =20 years; and (iii) progres-
sion despite primary androgen-deprivation therapy were in-
cluded. Patients who received a single administration of caba-
zitaxel were excluded. Clinical information at the start of caba-
zitaxel therapy was collected.

Treatment

Cabazitaxel (20-25 mg/m?) was administered on a 3- or 4-
weekly regimen based on the schedule reported by the TROP-
IC © and PROSELICA trials “¥. Only one patient was treated
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with 15 mg/m? cabazitaxel. Prednisolone 5 mg was given twice
daily simultaneously with medical or surgical castration.

Measurements

OS was defined as the time from the beginning of treatment
with cabazitaxel to the time of death by any cause. Disease
progression was defined according to the Prostate Cancer
Clinical Trials Working Group . Pain was defined by the dai-
ly consumption of narcotic or non-narcotic analgesics for pain
derived from prostate cancer. The performance status was de-
termined according to the Eastern Cooperative Oncology
Group criteria. The presence of visceral metastases was de-
fined as metastases in the lungs, liver, pancreas, and adrenal
gland. Using the online Halabi nomogram, the estimated
prognosis of OS was calculated for each patient for the two-
and three-risk versions “V.

Statistical analyses

Baseline values were expressed as the median and interquartile
range (IQR), and the baseline was defined as the date of initial
cabazitaxel chemotherapy. Survival analysis was performed us-
ing the Kaplan-Meier method with the Rothman 95% confi-
dence interval (CI). The log-rank test and Cox proportional
hazards model were used to detect differences in survival be-
tween groups. The discrimination of the model was assessed
using receiver operating characteristic curves, and the associat-
ed c-index (area under the curve [AUC]). The performance
was evaluated at 12, 15, 18, and 24 months. All statistical anal-
yses were performed using Stata v.17 (College Station, TX,
USA). A p-value <0.05 was considered statistically significant.

Results

Of the initial 74 patients, after excluding men with incom-
plete data (n=8), 66 patients were included in the final analy-
sis. The patients’ background characteristics are shown in
Table 1. The median follow-up was 7.28 months (IQR
4.93-12.9 months), and the median OS was 9.04 months (95%
CI7.26-12.9 months). When patients were stratified using the
two-risk group version, 22 (33.3%) men showed high risk and
44 (66.6%) men showed low risk. OS at 6 months was 42.6%
(95% CI 21.5%-62.3%) and 90.1% (95% CI 75.6%-96.2%) for
high- and low-risk patients, respectively. The median OS was
5.06 months (95% CI 2.72-6.70 months) and 12.9 months
(95% CI 9.66-17.4 months) for high- and low-risk patients, re-
spectively (Figure 1a, p<0.001). In the three-risk group ver-
sion, 15 (22.7%), 11 (16.7%), and 40 (60.6%) men had high,
intermediate, and low risk, respectively. OS at 6 months was
50.2% (95% CI 22.1-72.4), 41.6% (95% CI 13.1-68.4), and
92.1% (95% CI 77.4%-97.4%) for high-, intermediate-, and
low-risk patients, respectively. The median OS was 6.44
months (95% CI 2.72-7.11 months), 5.75 months (95% CI
0.2-7.29 months), and 13.7 months (95% CI 9.6-18.9
months) for high-, intermediate-, and low-risk patients, re-
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Table 1. Patients’ Background Characteristics.

All patients (n=66)

Median age (IQR), years
Biopsy Gleason Score, n (%)
<7
8
=9
NA
Prior local therapy, n (%)
Presence
Absence
Measurable disease, n (%)
Pain, n (%)
Progression on docetaxel <6 months, n (%)
Number of docetaxel cycles, median (IQR)
Prior treatment for CRPC, n (%)
Abiraterone/Enzalutamide
Radium-223
Performance status
0
1
2
Median time on hormone treatment (IQR), years
Median hemoglobin (IQR), g/dL
Median alkaline phosphatase (IQR), IU/L
Median PSA (IQR), ng/mL
Metastatic sites, n (%)
Bone
Lymph node
Visceral

Number of cabazitaxel cycles, median (IQR)

73 (67-76)

11(17.4)
11(17.4)
41(65.2)
3

28.8)

)
69.7%

19(28.8
47(712
46 (69.7%)
30 (45.4%)
54(81.8)

7 (5-10)

56(84.5)
4(6.06)

43 (65.1%)

15 (22.7%)

8 (12.29%)
3.54(2.23-6.74)
12.1(10.9-12.9)
288 (204-496)
59.1(18.1-176.4)

58 (87.8)
39(59.1)
18 (27.2%)
5(3-8)

CRPC, castration-resistant prostate cancer; IQR, interquartile range; PSA, prostate—speciﬁc antigen

spectively (Figure 1b).

Compared to low-risk patients, intermediate-risk patients
had an HR of 7.49 (95% CI 3.08-20.4, p<0.001), and high-
risk patients had an HR of 8.48 (95% CI, 3.39-21.7, p<0.001).
In the two-risk group version, high-risk patients had an HR of
9.50 (95% CI 4.12-21.6, p<0.001) compared to low-risk pa-
tients. The AUCs were 0.72 (95% CI 0.64-0.76) and 0.69
(95% CI 0.62-0.74) for the two- and three-risk groups, respec-
tively. Table 2 shows the AUC at 12, 15, 18, and 24 months
for both risk groups. When comparing different risks, the
AUCs were 0.48 (high vs intermediate), 0.66 (high vs low),
and 0.65 (intermediate vs low).

PSA response information was available in 56 patients. Pa-
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tients received a median of five cycles of cabazitaxel therapy
(IQR 3-8) and had previously received a median of seven cy-
cles of docetaxel therapy (IQR, 5-10). In the entire patient co-
hort, 40 (60.6%), 11 (16.6%), and 7 (10.6%) patients experi-
enced treatment failure because of disease progression, adverse
effects, and patient requests, respectively, and cabazitaxel treat-
ment was completed in the remaining 8 patients (12.1%).
During the follow-up, 48 patients (85.7%) experienced
progression with cabazitaxel. The median progression-free sur-
vival (PES) was 4.27 months (95% CI 2.99-5.98 months). PFS
at 6 months was 6.37% (95% CI 0.4%-25.7%) and 49.9% (95%
CI 32.7%-64.1%) for the high- and low-risk groups, respective-
ly. The median PFS was 2.2 months (95% CI 1.7-3.2 months)
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Figure 1. Kaplan-Meier survival curves showing OS stratified by (a) the two-risk group and (b) the three-risk group.

Table 2. AUC Calculations for Groups at Various Time Intervals, Including the Number of Patients Who Died or Progressed at

Each Time Point.

0s

Two-risk group Three-risk group

PFS

Two-risk group Three-risk group

Time point (months) Death, n (%) AUC (95% Cl) AUC (95% CI) Progression, n (%) AUC (95% Cl) AUC (95% ClI)
12 33(50.0) 0.67 (0.59-0.75) 0.64 (0.54-0.73) 43(76.7) 0.63 (0.54-0.69) 0.65 (0.53-0.73)
15 40 (60.6) 0.70 (0.63-0.76) 0.67 (0.61-0.75) 45(80.3) 0.62 (0.54-0.69) 0.64 (0.58-0.74)
18 41(62.1) 0.71(0.63-0.76) 0.68 (0.62-0.75) 46 (82.1) 0.62(0.56-0.69) 0.65 (0.59-0.70)
24 42 (63.6) 0.71(0.64-0.76) 0.69 (0.62-0.76) 47(83.9) 0.63 (0.56-0.70) 0.65 (0.60-0.71)

AUCG, area under the curve; CI, confidence interval; OS, overall survival; PES, progression-free survival

and 5.98 months (95% CI 4.04-8.41 months) for the high-
and low-risk groups, respectively (Figure 2a, p<0.001). In the
three-risk groups, 14 (25.0%), 6 (10.7%), and 36 (64.3%) men
had high, intermediate, and low risk, respectively. PFS at 6
months was 0%, 16.3% (95% CI 0.70%-51.8%), and 53.9%
(95% CI 35.8%-68.6%) for the high-, intermediate-, and low-
risk groups, respectively. The median PFS was 2.10 months
(95% CI 1.7-2.9), 3.94 months (95% CI 1.71-not reached),
and 7.1 months (95% CI 4.1-9.2 months) for the high-, inter-
mediate-, and low-risk groups, respectively (Figure 2b). The
AUCs were 0.63 (95% CI 0.54-0.69) and 0.65 (95% CI
0.59-0.71) for the two- and three-risk groups models, respec-
tively. When comparing different risks, AUCs were 0.56 (high
vs intermediate), 0.65 (high vs low), and 0.55 (intermediate vs
low).

Discussion

For the first time, this study validated the Halabi nomogram
using real-world data. In this post-docetaxel second-line che-
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motherapy cohort, the Halabi nomogram had an AUC similar
to that obtained in the internal validation. In addition, the
two-risk group version confirmed the ability of the model to
predict OS. However, this study did not sufficiently validate
the three-risk group version.

The two-risk group stratification model differentiated the
two curves throughout its entire trajectory. However, in the
three-risk group stratification, the intermediate- and high-risk
curves overlapped. This could be because of the low sample
size and the small number of patients in the intermediate-risk
group.

Notably, although the Halabi nomogram was developed
to predict OS, in this dataset, the two-risk group version also
differentiated PFS. However, further studies are required to
prove any benefit in PFS in this stratification model.

Given the significant advances in therapeutic agents for
the treatment of mCRPC, it is necessary to incorporate risk
stratification into its management. Men who received cabazi-
taxel significantly improved their PFS (2.8 vs 1.4 months) and
OS (15.1 vs 12.7 months) ©. In this study, the median OS was
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Figure 2. Kaplan-Meier survival curves showing PFS stratified by (a) the two-risk group and (b) the three-risk group.

9 months, compared to 15 months in the TROPIC trial and
14 months in the PROSELICA trial. In addition, the median
PFS was similar to that in the TROPIC and PROSELICA tri-
als.

Both the PROSELICA and TROPIC trials defined the
presence of pain if the mean present pain intensity scale of
McGill-Melzack was =1 (PROSELICA) or = 2 (TROPIC),
if the mean analgesic score derived from analgesic consump-
tion was 10 points or more at baseline, or both %, Howev-
er, we used another definition based on the daily consumption
of narcotic or non-narcotic analgesics for pain derived from
prostate cancer. Although these two definitions are not equiv-
alent, in this study, we presented a pain rate at baseline (45%)
similar to that of the TROPIC trial (45%) and lower than that
of the PROSELICA trial (71%).

When comparing patients’ available background data, the
median age and performance status were similar to those of
the TROPIC and PROSELICA trials. The duration of hor-
monal use and hemoglobin level were similar to those of the
TROPIC trial. However, this study included a slightly lower
proportion of patients with progression within 6 months of
docetaxel treatment than the proportion in the TROPIC and
the PROSELICA trials (82%, 89%, and 86%, respectively). In
addition, the median PSA level in our study was lower than
those in the TROPIC and PROSELICA trials (59 ng/mL,
135 ng/mL, and 159 ng/mL, respectively). On the other hand,
patients included in this study had a higher median alkaline
phosphatase (288 IU/L vs 145 IU/L), measurable disease rate
(70% vs 54%), and a slightly higher visceral disease rate (27% vs
25%) than those in the TROPIC trial. These differences, the
small number of patients included, and the heterogeneity of
the population could explain the differences in median OS.
Moreover, nCRPC is a heterogeneous disease, and ethnic dif-
ferences have been described @),

Although the Halabi model has proven useful using pa-
tient data from trials, it is a relatively complex nomogram that
requires the use of nine parameters, which makes it impracti-
cal. This and the small number of patients undergoing sec-
ond-line post-docetaxel treatment may be the reasons why the
Halabi nomogram has not been widely used and validated.

The major limitation of this study was the small number
of patients. In addition, the retrospective design could lead to
bias. Although no distinction was made between death by dis-
ease and death by other causes, the low median OS of the co-
hort decreased the risk of bias. However, our study has provid-
ed external validation of a prognostic risk model in post-doce-
taxel patients with mCRPC receiving cabazitaxel. This was
confirmed by the AUC in our cohort, similar to the validation
of the model using data from the TROPIC and SPARC trials.

Conclusion

The two-risk stratification version but not the three-risk group
analysis confirmed the ability of the model to prognosticate
survival. These results support the value of the Halabi nomo-
gram in men receiving post-docetaxel second-line chemothera-

py for mCRPC.
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