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: _-_'Absirac't Purpose Analyzmg metastatlc prostate cancar tlssue isof conSIderab]e :mportance in ovaEuatlng

-new targeted agents, yet acquiring such tissue presents a challenge due to the predominance of
", bone metastases, We assessed factors predicting a, successful tumor harvest from bone marrow :
o blopmes (BMBx) in ‘castration-resistant metastatic prostate cancer patients,

X 'Matenal and Mesthods; Data from Cancer and Leukemia Group B study 9663 were rewewed

_Iikelihood of a positive BMBx The medla

‘Bong marrow biopsies were obtained from 184 patlents who underwem an offlce based
ngmded bone marrow biopsy of the posterior iliac crest.”

;_Results_ Forty seven of the 184 patients (26.5%) had a posmve bone marrow bIOpSY Whon SRR
* considered in a multivariate logistic regression analysis, lower hemoglobm [evels, higher .-
alkaline. phosphalase, and hlgher lactate dehydrogenase lovels were. associated with a hlgher' :
rvival time was 11 moanths. (95% confrdence interval,

8, 0-14) among patients with a positivo BMBx compared with 23 months (36% confidence -
PR -.mterval 19 27) W|th a negatlve BMBx. The medlan tlme to progressron and time to prostate-_ o

o BMBx patlents. No- pauents wath a pos:twe BMBx surwved beyond 3 years, whereas 11 of the =
;137 -patients.with a negative BMBX surwved beyond byears... . .
Discussion: Us:ng common Iaboratory values, a specific patlent cohort can be deﬂned from

o whom the yield of a nonguided BMBx.would be high enough to justify this approagh. For studies

The current paradigin for the success of targeted therapy in
oncology depends on the ability to analyze genetic alterations
specific to tumor cells, This translational strategy has aided
the development of therapies as diverse as tamoxifen and
trastuzumab (Herceptin) in breast cancer and imantinib
(Gleevec} in chronic myelogenous leukemia and gastrointesti-
nal stromal tumor, Moreover, it was recently discovered that
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'that requnre broader entry critetia, @ more dlrected approach w:th image gmdance fs recommended '

mutations in the epidermal growth factor receptor predict
response to gefitinib (Tressa; refs. 1, 2) in non-small-cell lung
cancer. In these diseases, tissue is either easy to acquire (chronic
myelogenous letikemia and breast cancer} or material from the
primary diagnostic procedure remains relevant and can be used
for biological analysis (gastrointestinal stromal tumor and
non -small-cell lung cancer).

Prostate cancer presents a challenge to the implementation of
targeted therapy. On one hand, the disease is remarkably
heterogeneous in genotype as well as phenotype, even between
different metastases within the same patient, as shown by a
recent rapid autopsy study by Shah et al. (3). Yet successful
tissue acquisition is limited by the frequent absence of local
disease (having ofien been eradicated in the distant past) and
the predominance of bone metastasis, which are both difficult
to sample and challenging to process.

The use of bone marrow biopsy in metastatic prostate
cancer as a method of tissue acquisition was first described in
1936 by Rohr and Hegglin (4). There is a literature describing
various techniques and success rates for this procedure in
prostate cancer patients {5-10). All these published studies
are small, from a single center, and do not describe
predictors of success. In this report, we took advantage of
the largest multi-institutional study to date that evaluated
undirected bone marrow biopsies in metastatic prostate
cancer to assess for factors that predicted a successful tumor
harvest.

Clin Cancer Res 2005;11{22) November 15, 2005



Cancer Therapy: Clinical

‘Table 1. Baseline characteristics for patients with available data enrofled on CALGB study 9663 by bone marrow
status ST i S DR .
Patients with negative Patients with positive Total P
bone marrow (i =137) bone marrow {n = 47) {rr =184}
Age(y)' 71 (6477} 72 (66-78) 71 (64-77) 046
Years since diagnosis " 4 (2-6) 3 (1-6) 3(2-6) 0.22
Gleason score of tumor
2-4 (%) 9(6) 1(2) 10 (6)
5-7 (%) 64 (47) 21 (45) 85 (46) 0.07
8-10 (%) 53 (39) 25 (63) 76 (42)
Unknown 1i (8} ' 00 11 (6)
Performance status
0 (%) 131 (96) 39 (83) 170 (92)
2 (%) 4(3) 807 12(7) £0.01
Unknown 2 0 (0) 2
Disease measurahility
Measurable 48 (35) 12 (26) 60 (33) 0.28
Metastases®
Any (%) 113 {(82) 46 (98) 169 (86) 0.01
Bone (%) 107 {78} 46 (98) 163 (83) 0N
Lynmiph node (%) 42 (37) 10 (22) 52 (29) 0.45
Lung (%) 6 (4) 12} 7(4) 0.63
Liver (%) 7 (5} 0 (0} 7(4) o
Laboratory values'
Hemoglobin, g/dL 13 (1214} 11 (1013} 13 (12-14) {001
PSA, ng/mL 44 (15-118) 156 (42-509) 65 (20-165) {0
Alkalineg phosphatase, units/L 116 (83-176) 2568 (149-638) 131 {93-259) 0.0
Lactate dehydrogenase, units/L 200 (174-293) 264 (185-419) 209 (175-3567) 0.03
Radiotherapy (%) 68 (50} 21 (45) 89 (49) 048
Prostatectomy (%) 33(31) 12 {33) 45 {31) 0.84
Hormonal therapy (%} 133 (98) 46 (98) 178 (97) 0.44
“# values are calculated using Fisher's exact tests for the categorical variables and Wilcoxon test for the continuous variables.
tMiadian (interquartile range).
tPatients may have had more than one metastatic site,

Patients and Met_hods

Patlent populatien. Data from the Cancer and Leukemia Group B
{CALGB] study 9663 were considered. This was a companion study
of CALGB 9583, a phase 1II trial of antiandrogen withdrawal with
immediate or sequential ketoconazole in men with androgen-indepen-
dent prostate cancer, and required a bone marrow core biopsy at study
entry (11}, Metastatic disease with progression despite castrate levels of
testosterone, prior antiandrogen therapy, and a minimum prostate-
specific antigen (PSA) level of 5 ng/mL were required, Bone marrow
biopsies were obtained from 164 patients entolled on CALGB 9583 and
from 20 patients enrolled on other CALBG chemotherapy trials (CALGB
9480, suramin; CALGB 9680, high dose mitoxantrone; CALGB 9780,
docetaxel; refs, 12, 13). Patient registration and data collection were
managed by the CALGB Statistical Center, Data quality was ensured by
careful review of data by CALGB Statistical Center staff and by the study
chafrperson.

Tissue collection. Written Institutional Review Board-approved
informed consent was obtained from all patients to do a bone matrow
aspirate and biopsy from the posterior iliac crest, No iimage guidance was
used. Investigators were provided an instructional video for sample
procuremnent and shipment to a central laboratory. Marrow biopsies were
immediately cut in half; the inner half was snap-frozen and used for
androgen receptor analysis (for more details, see Taplin etal. 14) and the
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other half was placed in formalin and shipped for routine pathologic
evaluation. A hematopathologist (B.AW.) quantified marrow prostate
cancer by light microscopy.

Statistical analysis. ‘The primary end point was bone marrow biopsy
tumor infiltration with two categories: yes (positive) or no (negative).
The % test and Fisher’s exact test (15) were used to compare differences
between the two groups based on baseline clinical variables, In
addition, the Wilcoxon test was used to compare the two groups on
continuous laboratory variables. Logistic regression mode] was used to

Table 2. Muitivariate logistic regression modeling the
probability of positive bone marrow status

QOdds ratio (95% Cl) P

PSA, ng/mL 104 (0.99-1.10} 0134
Hemoglobin, g/dL 0.64 (0.48-0.84) 0.002
Alkaline phosphatase, units/L.* 135 (1.11-1.64) 0.002
Lactate dehydrogenase, units/L.* 1.29 (1.06- 1.56} 0.009
*Qdds ratios are calculated whea risk factors increase by 100 units.
www.aacriournals.org
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Bone marrow n Qverall survival (mo)

"Table 3. 'Median clinical outcomes by bone marrow bic_:_psy

Progression-free survival {mo}

PSA progression-free survival (mo)

status

No. patients Median No. patients Madian No. patients Median

died (965% CI) progressad (85% CI) progressed {95% CI)
Positive 47 47 1.2 (8.0-14.0) 47 2.5 (1.39-2.91) 47 3.90 (2.48-5.79)
Negative 137 120 22.9(18.9-27.0) 127 2.41 (1.88-3.04) 127 4,89 (3.60-6.91)
P* <0.0001 0.02 0.01

*Log-rank P valus,

predict the probability of having a positive bone marrow biopsy (BMBx;
ref, 16). We calculated odds ratios and 95% confidence intervals (95%
Cl} for independent variables in the model. The predictive accuracy
of the model was assessed by the area under the receiver operating
characteristic curve (17). Statistical analysis was done by CALGB
statisticians.

Exploratory analyses were done to evaluate the importance of bone
marrow status in predicting overall survival, progression-free survival,
and PSA progression-free survival. Overall survival was measured from
the date of randomizationfstudy entry to date of death due to any
cause. Progression-free survival was defined from the date of
randomizationfstudy entry to date of progression or death due to
any cause, whichever occurred first. PSA progression-free survival was
defined using the PSA consensus criteria {18) or death, whichever
occurred first, Patlents allve or lost to follow-up were considered as
censored, The Kaplan-Meier product-limit method was used to estimate
overall survival, progression-free survival, and PSA progression-free
survival by the two groups (19) and the log-rank test was used to
compate the two groups on these clinical outcomes (20},

‘Results -

Patient characteristics. There were 194 patients enrolled on
CALGB study 9663 between activation (January 1997) and
cosure (March 2001}, of which 184 had a wvalid patient
identification number that could be used to match the clinical
database, Table 1 displays the baseline characteristics for these
184 patients by bone marrow biopsy result. Of the 184
patients, 47 (25.5%) had a positive bone marrow biopsy result,
as defined by the presence of prostate cancer cells detected by
light microscopy. No significant statistical differences were
observed between two groups based on age distribution, years
since diagnosis, Gleason grade, disease measurability, and prior
therapies. Patients with a positive bone marrow biopsy had
worse performance status compared with patients with negative
bone marrow biopsy. Moreover, patients with positive bone
marrow biopsy were more likely to have metastases, lower
hemoglobin levels, and higher ’SA, alkaline phosphatase, and
lactate dehydrogenase levels.

Univariate association of rish factors for bone marrow
involvement. In univariate analysis, patients with performance
status of 2 were almost seven times more likely to have positive
marrow biopsy (95% CI, 1.92-23.50) than patients with a
performance status of 0, The presence of bone metastases, lower
hemoglobin levels, and higher alkaline phosphatase, lactate
dehydrogenase, and PSA levels were all associated with a
probability of having a positive bone marrow biopsy {data not
presented).
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Multivariate analysis for bone marrow involvement. Table 2
displays a multivariate logistic regression analysis that identi-
fied several risk factors that predict the probability of having
a positive bone marrow biopsy. The area under the receiver
operating characteristic curve was 80%, Lower hemoglobin
levels and higher alkaline phosphatase and lactate dehydroge-
nase levels were associated with a higher Iikelihood of a
positive bone marrow biopsy.

Association of bone marrow status by clinical outcones.
Table 3 shows the estimates of median survival time, median
time to progression, and time to PSA progression in 184
patients by bone marrow status. The median survival time is 11
months {95% CI, 8.0-14) among patients with a positive bone
marrow biopsy compared with 23 months (95% CI, 19-27)
among patients with a negative bone marrow biopsy (Fig. I;
P < 0.0001). No patients with a positive BMBx survived beyond
3 years whereas 11 of the 137 patients with a negative BMBx
survived beyond 5 years. Furthermore, the median time to
progression (2.41 versus 2.15 months; P = 0.02) and time to
PSA progression (4.89 versus 3.90 months; P = 0.01) were
significantly decreased among patients with a positive bone
marrow biopsy as well (Figs. 2 and 3).
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Fig.1. Kaplan-Maier survival estimates by bone marrow bicpsy result. Solid line,
patients without detectable prostate cancer in their bona marrow biopsy at baseline;
dotted line, patients with detectable prostate cancer in their bone marrow hiopsy
at baselins.
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Discussion

As the importance of tissue analysis in cancer clinical trials
and drug development grows, analysis of methods of tissue
collection is needed. It is particularly relevant in prostate cancer
where disease heterogeneity is profound and tissue analysis is
limited by the interval between initial diagnosis and recurrence
and the preponderance of bone-only disease,

Several factors affect biopsy vield in metastatic prostate
cancer and should be considered, They include the use of image
guidance (real time, non-real time, none), type of biopsy and
number of attempts {fine needle aspiration, core biopsy), and
eventual processing or analysis (immunohistochemistry,
DNA analysis, RNA analysis, etc.}. In prostate cancer, there is
a paucity of data to guide implementation of these various
options.

Historically, bone marrow biopsies were used in the
diagnosis of metastatic prostate cancer to avoid overtreatment
locally (21). In 1983, Varenhorst et al. (22} showed that
technetium-99 hydroxymethylene diphosphonate bone scans
were more sensitive than random bone marrow biopsies and
the procedure fell out of favor for staging.

Some recent literature has readdressed this subject as the
importance of tissue acquisition for research has emerged.
Brown et al. (23) compared the yield of bone marrow biopsy
with bone marrow aspiration in 20 patients with metastatic
prostate cancer, Standard light microscopy with immunohisto-
chemistry was their gold standard for tumor involvement, Of
note, they used bone scans to guide their biopsy side and site
although this guidance was not real-time. These Investigators
had a 75% success rate with bone marrow biopsy as compared
with a 0% success rate with bone marrow aspiration. This
superior yield from biopsy as opposed to aspiration is
consistent with the literature (24} although bone marrow
aspiration yield is typically higher than 0%.
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Fig. 2. Kaplan-Mgier progression-frea survivel probability by bons marrow biopsy
result, Solid line, patients without detectable prostate cancer in their bone marcow
biopsy at baseling; dotted line, patients with detectable prostate cancer in their bone
marnow biopsy at baseline,
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Fig. 3. Keplan-Meier PSA progression-free survivat probability by bone marrow
biopsy result, Solid ling, patients without detectable prostata eancer in their
bona marcow biopsy at basaling; dotted line, patiants with detectable prostate
cancer in their bone marrow blopsy at baseline.

Several reports have considered the yield of undirected bone
marrow biopsies in this setting, with yields ranging from 36%
to 83%, although many of these studies predate the use of
modern histopathologic techniques and all predate the PSA era
and an improved understanding of prognostic factors (6, 9, 10).
Moreover, the largest trial consisted of only 41 patients.
Although this report contains many more patients, our bone
marrow biopsy vield was far inferior {25.5%). This fact is
explained by a few factors: no image guidance, multiple
investigators and multiple institutions involved, and low-stage
disease {minimum required PSA of 5 ng/mlL}. Despite these
facts, a 25.5% yield may be tco low for regular incorporation
into phase I and 11 clinical trials.

Our analysis of factors that predict for a positive undirected
bone marrow biopsy yield found that lower hemoglobin levels
and higher lactate dehydrogenase and alkaline phosphatase
levels were predictive of improved yield. Performance status
and serum PSA were both predictive in the univariate analysis
but fell out of the multivariate model. Although absolute PSA
level was not a predictive factor in multivariate analysis, it
should be noted that no patient with a PSA < 42 ng/mL had a
positive core biopsy. In general, patients with more advanced
disease were more likely to have a positive bone marrow
biopsy. Thus, it is not surprising that they also had a statistically
significantly shorter median survival time,

Our study was limited by several factors, First, we did not
have information on whether there was evidence of bone
involvement {by bone scan) of the area that underwent bone
marrow biopsy. One would suppose from other data that a
biopsy that was at least influenced by a site of predominant
iliac involvement would influence yield. Future trials should
specify and collect this information prospectively.

Second, the role of prior radiation therapy on the yield of
undirected bone biopsies may be underestimated in this
analysis. Whereas in the initial report of these data pelvic

www.aacrjournals.org
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irradiation was associated with a negative biopsy, when more
data were available this association became nonsignificant. 1t
remains possible that larger doses of whole pelvic radiation
may influence the yield of this procedure.

Undirected bone marrow biopsy for the collection of
metastatic prostate cancer tissue has the advantage of being a
simple office procedure that is well tolerated with minimal
morbidity. Mareover, as indicated by our data, this procedure
has the advantage of applicability as multiple centers and
investigators were involved in this study. This report is the
largest to date describing the yield of this procedure and should
be validated in a prospective clinical trial.

From this experience and our multivariate analysis, we
suggest that using common laboratory values, a specific patient
cohort can be defined from which the yield of this procedure
may be high enough to justify incorporation into a protocol,
For studies for which a biopsy s one part of a larger effort and
therefore the trial cannot be designed around such character-
istics, a more directed approach with image guidance (either
real-time or before the procedure) is recommended.

“Appendix A -

The following institutions participated in this study: CALGB
Statistical Office, Durham, North Carclina (Stephen George,
Ph.D., supported by grant CA33601); Dartmouth Medical
School-Norris Cotton, Lebanon, New Hampshire (Marc
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University Medical Center, Washington, District of Columbia
(Bdward P, Gelman, M.D., supported by grant CA77597);
Mount Sinai Schoo! of Medicine, New York, New York (Lewis
Silverman, M.D., supported by grant CA04457); Rhode Island
FHospital, Providence, Rhode Island {William Sikov, M.D,,
supported by grant CA08(25); SUNY Upstate Medical Univer-
sity, Syracuse, New York (Stephen L. Graziano, M.D., supported
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