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Biologic Activity of sults: After adjustment for the baseline Given the consistent evidence from ad-
Tamoxifen at Low Doses in values, there were reductions in circu- juvant therapy trials of a dose- and time-
lating levels of total cholesterol and dependent risk of endometrial cancer dur-

Healthy Women IGF-1 of the same magnitude in all ing tamoxifen treatmen4d—6) and taking

i three tamoxifen treatment arms. A into account the prolonged plasma half-
Andrea Decensi, similar pattern was observed for most life (4—11 days after the steady state) of
Bernardo Bonanni, Aliana of the other parameters. In the placebo this compound7), a dose reduction and
Guerrieri-Gonzaga, Sara Gandini, arm, fibrinogen level, which showed a an intermittent administration appear to
Chris Robertson, Harriet decrease, was the only parameter ex- be plausible ways to improve the safety
Johansson, Roberto Travaglini, hibiting change. Conclusions:Up to a profile of tamoxifen. Quite surprisingly,

Maria Teresa Sandri, Antonella 75% redgction.inthe conventional dose the minimal acFive d_ose of tamoxifen. i;
. . of tamoxifen (i.e., 20 mg/day) does not unknown, despite evidence from preclini-
Tessa_drelll, Gabrlel Farante, affect the activity of the drug on a large cal studies that the antitumor effect of the
Federica Salinaro, Donato Betteganymper of biomarkers, most of which drug reaches a plateau above the concen=
Antonina Barreca, Peter Boyle, are surrogate markers of cardiovascu- tration that saturates estrogen receptorsi
Alberto Costa, Umberto Veronesi lar disease. This study was hypothesis (8,9). Consistent with this finding, an
generating, and larger studies are war- overview of the clinical trials worldwide
ranted to assess the efficacy of tamoxi- of tamoxifen adjuvant therapy revealed an
Background: Results of a clinical trial  fen at low doses. [J Natl Cancer Inst efficacy of 20 mg/day of tamoxifen
recently completed in the United States 1998:90:1461-7] equivalent to that of higher doses of the
indicate that administration of tamoxi- drug (i.e., 30—-40 mg/day(L).
fen (20 mg/day) to women at risk can  Tamoxifen is an estrogen receptor To ascertain whether a reduction in the
reduce breast cancer incidence by ap- modulator with proven efficacy in reduc-conventional dose of 20 mg/day was as- <
proximately 50% but is associated with  ing breast cancer recurrence and mortalitgociated with a diminished biologic activ-
an increased risk of developing endo- following surgery in patients with estro-ity, we assessed the effects of different 5
metrial cancer and venous thromboem- gen receptor-positive tumord). A sig- doses of the drug on a variety of estrogen
bolic events. Since these adverse effectsnificant reduction in contralateral breastreceptor-regulated biomarkers known to
may be dose related, we investigated cancer is observed in most trials of adjureflect the activity of tamoxifen on differ-
the effect of tamoxifen on several bio- vant treatmengl), which has further pro- ent target tissues. These biomarkers in-
markers when the drug was given at vided a rationale to assess the efficacy aflude the blood lipid profile(10), blood
doses lower than those currently in use. tamoxifen as a primary preventive agentell count(11,12), levels of osteocalcin
Methods: In two sequential experi- for women at risk of developing breast(13), levels of fibrinogen and antithrom-
ments, 127 healthy hysterectomized cancer(2). bin 11l (11,12),and levels of circulating
women aged 35-70 years were ran-  Aninterim analysis of the U.S. preven-insulin-like growth factor (IGF)-(14,15).
domly assigned to one of the following tion trial involving 13 388 participants led
four treatment arms: placebo (n = 31) to the early closure of the stud$). It was
or tamoxifen at 20 mg/day (n = 30) shown that tamoxifen at a dose of 20 mg/ Affiliations of authors:A. Decensi, B. Bonanni,
(first experiment); or tamoxifen at 10 day can reduce the incidence of breagt Guerieri-Gonzaga, G. Farante, P. Boyle, A.

mg/day (n = 34) or tamoxifen at 10 mg/ cancer by approximately 50% and can deCOSta (Ghemoprevention Unit); S. Gandini, C. Rob-

. o ; ertson, P. Boyle (Division of Epidemiology and Bio-
alternate days (n = 32) (second experi- crease the incidence of osteoporotic bongatistics); M. T. Sandri (Department of Laboratory
ment). Baseline and 2-month measure- fractures by approximately 35%8). The Medicine); A. Costa, U. Veronesi (Division of
ments of the following parameters were study showed, however, that women age@ireast Surgery), European Institute of Oncology,
compared: 1) total cholesterol (primary 50 years or older receiving tamoxifen had/iian. ltaly; H. Johansson, A. Barreca, Department

. . . of Endocrinology, University of Genoa, Italy; R.
end point) and other surrogate mark- a more than twofold increased risk of de- 9 b Y

. . . . Travaglini, Italian League against Cancer, Milan; A.
ers of cardiovascular disease, e.g., low- veloping early stage endometrial cancefessadrelli, F. Salinaro, Department of Obstetrics
density lipoprotein cholesterol, high- and a threefold increased risk of developand Gynecology, University of Brescia, Italy; D.
density lipoprotein cholesterol, ing a pulmonary embolism comparedBettega, the “Angelo Bianchi Bonomi” Haemo-
triglycerides, and lipoprotein(a); 2) with women receiving placeb(8). Alto- ~ Philia and Thrombosis Centre, Milan.

blood cell count; 3) fibrinogen; 4) anti- gether, these results underline the impor- Correspondence toAndrea Decensi, M.D., Che-

. ! : gen, . 9 ! ; . . P .moprevention Unit, European Institute of Oncology,
thrombin 11I; 5) osteocalcin; and, 6) in  tance of strategies aimed at reducing toXigia Ripamonti, 435, 20141 Milan, Italy (e-mail:
a subgroup of 103 women, insulin-like effects of tamoxifen while retaining its adecensi@ieo.it).
growth factor-l (IGF-1), a possible sur-  beneficial activity, particularly in post- See“Notes” following “References.”

rogate marker for breast cancer. Re- menopausal women. © Oxford University Press
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MATERIALS , SUBJECTS, frozen samples stored at =70 °C after completion ofs 40-130 mg/dL. Comparison with fresh measure-
M each experiment. Because of insufficient availabilityments of cholesterol and triglycerides obtained from
AND VIETHODS of specimens, plasma IGF-I concentrations were deeach sample of both studies showed an average 3%
termined in a subgroup of 103 women £ 26, 27, loss (range, 1%—6%) in the frozen material, thus
23, and 27 respectively, in the placebo arm, 10 mgfevealing no strong evidence of decay after pro-
alternate days, 10 mg/day, and 20 mg/day tamoxifelonged storage of samples from the first experiment.
The search for the minimal active dose of tamoXi-arms). Because depletion of frozen plasma specPlasma fibrinogen was measured by use of a fibrin
fen was accomplished through two sequential eXmens occurred in a random way among the participolymerization assay (Fibrinogen Reagenz; Boeh-
periments that formed part of an ongoing primarypants, the comparison of the IGF-I changes in subrnger). The intra-assay and interassay coefficients
chemoprevention trial of tamoxifen. In this trial, jects receiving different treatments was not expectedf variation for fibrinogen were below 5%, and the
where the primary end point is the reduction ofis pe affected. normal range is 160-375 mg/dL. Antithrombin 11l
breast cancer incidence, premenopausal and post-Tamoxifen (20-mg) tablets and placebo tabletsvas assayed by a chromogenic method (Coamatic
menopausal healthy women aged 35-70 years Whgere supplied by Zeneca Pharmaceuticals (Macclesntithrombin; Chromogenix, Molndal, Sweden).
had undergone a hysterectomy procedure previousfie|d, U.K.), while the European Institute’s phar- The intra-assay and interassay coefficients of varia-
for nonmalignant conditions and who were negativnacy purchased the 10-mg tablets from the marketon for antithrombin 11l were below 3.5%, and the
for breast cancer as determined by a bilateral mamzeneca, Basiglio, Italy). The difference in suppliersnormal range is 80%—-120% of the normal activity
mography procedure were randomly assigned to plagas not expected to have any effect, since the manobtained from a pool of 30 healthy subjects. Serum
cebo or to tamoxifen (20 mg/day) for 5 years. Theraciuring process controls the amount of active inosteocalcin was measured by a double-antibody im-
main exclusion criteria were any of the following: gredient to within 109%18). Both experiments re- munoradiometric assay as previously descrif&a)
previous diagnosis of malignant tumors; history ofcejved approval from the Institutional Review by use of a commercial kit purchased from Nichols
arterial or venous thromboembolic disease; or pres3oard, and all subjects gave their written informednstitute Diagnostics (San Juan Capistrano, CA).
ence of severe hypertension, cardiac insufficiency;onsent. The disclosure of the blinded procedure iThe intra-assay and interassay coefficients of varia-
chronic atrial fibrillation, or severe renal or liver the first experiment was approved by the externalion for osteocalcin were 5.1% and 6.6%, respec-
diseases. Women were considered postmenopaugsdia Safety and Monitoring Committee after thetively. Sensitivity of the assay was 0.05 ng/mL. The

Subjects and Treatment

if they were older than 50 years of age when one ogompletion of the laboratory analysis. normal range for osteocalcin is 2.4-10.0 ng/mL. To-
both ovaries had been preserved during hysterec- tal plasma IGF-I was measured by radioimmunoas-
tomy. As of December 31, 1997, when the recruitBlood Assays say by use of immunohistochemicals af@f]IGF-I
ment was closed, a total of 5408 subjects were en- provided by Medgenix Diagnostic (Fleurus, Bel-
rolled. A description of the trial and its preliminary ~ Fasting blood samples were taken from all subgiym). The sensitivity of the assay was 0.02 nmol/L;
results have recently been reporiga). jects between 8:00 and 10:0@ at baseline and at the intra-assay and interassay coefficients of varia-

The first experiment used a double-blinded pro-l and 2 months of treatment. Except for blood celkion were 6% and 7.5%, respectively. To avoid in-
cedure. It was conducted during the period fromcount, which was determined on fresh samples, an@rference from binding proteins, plasma samples
January 1993 through July 1993 and included 61p(a), which was measured after completion of eackyere treated with acid ethanol according to the
consecutively enrolled eligible women in a 6-monthexperiment to avoid possible degradation after promethod of Daughaday et 423). The normal range
study to determine the safety of tamoxifen by evalulonged storag€19), all other measurements from all for |GF-| in age-matched adult subjects is 13.1-45.9
ating the effects on blood and lipid profiles impor-four treatment groups were done simultaneously ojmol/L (100-350 ng/mL).
tant in cardiovascular health and on blood compofrozen samples stored at =70 °C. The samples from
nents in relation to clottin§l 1). After the tamoxifen experiment 1 were frozen for 3 years and have bee, . .
intake was shown to be associated with an increasetlawed only once for the analysis. Blood cell countsgtudy End Points and Sample Size
risk of endometrial cancer at the dose of 20 mg/dayere determined by two different laboratories (the
(4), a second experiment was initiated to study thé&uropean Institute of Oncology and the “Angelo Serum cholesterol is a reliable biomarker of
effect of a reduced dose of tamoxifen given for 2Bianchi Bonomi” Haemophilia and Thrombosis tamoxifen action as well as an established surrogate
months on different biologic markers. Centre) participating in national quality-control pro- end-point biomarker of coronary heart diseé24).

The second experiment was conducted by the usgrams, one for each experiment by use of the samék previous observatioi25) showed a full effect of
of an unblinded procedure and included 66 eligibleautomatic instrument (Maxm; Coulter, Milan, Italy). 20 mg/day of tamoxifen on total cholesterol levels
women randomly assigned during the period fronSerum Lp(a) levels were measured in duplicate byi.e., a mean 10%-12% reduction from the baseline)
March 1996 through June 1996 to either 10 mg/dayn immunoturbidimetric metho@0) by use of com- as early as 2 weeks after starting the treatment.
of tamoxifen or to 10 mg of tamoxifen on alternatemercial kits purchased from Incstar Corp. (Stillwa-Therefore, the primary end point of the present study
days for 2 months, i.e., a period presumably adter, MN). The intra-assay and interassay coefficientsvas the change( in total cholesterol from baseline
equate to achieve drug steady-state levels even withf variation were below 4% and 7%, respectively.after 2 months of tamoxifen treatment.
the lowest dos€7). Blood samples were drawn at The sensitivity of the Lp(a) assay was 2 mg/dL, and Conventional doses of tamoxifen decrease plasma
monthly intervals, and plasma fractions were sepathe normal range is 0—-30 mg/dL. Total cholesterol)GF-I in breast cancer patien{d4,15),and IGF-I
rated by centrifugation at 14@@t room temperature HDL cholesterol, and triglycerides were measuredan stimulate proliferation of normal breast epithe-
for 10 minutes by use of an Heraeus Megafuge 2.0y enzymatic methods with an Hitachi 911 (Boeh-ium (26) and can promote growth of breast cancer
(Heraeus Instruments, Hanau, Germany) and kepinger, Mannheim, Germany). The intra-assay andellsin vitro (27) andin vivo (28).Finally, higher
frozen at —70 °C in 40@sL aliquots. Similarly, fro- interassay coefficients of variation for total choles-circulating IGF-I levels have been found in breast
zen aliquots of plasma specimens were availableerol were below 1.15% and 3.0%, respectively, andancer patients compared with healthy control sub-
from the subjects of the first experiment given thethe normal range is 125-200 mg/dL. HDL choles{ects both in retrospectiv@9,30)and in prospective
placebo and 20 mg tamoxifen/day. Because plasntarol was determined in the supernatant after pre31) studies. Because of these observations, a
cholesterol is stable during prolonged stord@@), cipitation with phosphotungstate and fgas per change in IGF-I levels was considered a potential
repeat enrollment of the placebo arm and 20-mdnstructions from a kit (Boehringer, Mannheim, Ger-surrogate biomarker of breast cancer prevention;
tamoxifen arm was considered unnecessary in th@any); the intra-assay and interassay coefficients afonsequently, we decided to use it as another main
second experiment. Thus, the following biomark-variation for HDL cholesterol were below 1.3% andend point of the study.
ers—i.e., total cholesterol, low-density lipoprotein5.0%, respectively, and the normal range is 38—-82 The first experiment recruited 68 subjects, but
(LDL) cholesterol, high-density lipoprotein (HDL) mg/dL. The intra-assay and interassay coefficientenly 61 subjects had available aliquots of frozen
cholesterol, triglycerides, fibrinogen, antithrombinof variation for triglycerides were below 1.5% andblood with sufficient volume to quantitate all the
Ill, osteocalcin, and IGF-l—were simultaneously 3.0%, respectively, and the normal range is 50—20Biomarkers. The second experiment was designed to
measured on frozen samples in a single laboratomng/dL. LDL cholesterol was obtained according tobe comparable to the first experiment. We antici-
from all 127 participants. The complete blood cellthe formula of Friedewald et a{21): LDL choles- pated a 12% reduction in mean total cholesterol with
count was performed separately on fresh blood. Se¢erol = total cholesterol — HDL cholesterol — (tri- a tamoxifen dose of 20 mg/day. Assuming a corre-
rum lipoprotein(a) [Lp(a)] levels were measured onglycerides/5). The normal range for LDL cholesterollation of .8 between the cholesterol measurements 2
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months apart, this corresponds to a decrease of meand the 95% CI was adjusted for baseline levelsplacebo arm and in the tamoxifen arms of
+ standard deviation (SD) of 28 £ 22 mg/dt [230  Changes in IGF-1 were expressed as percent changg@ mg/alternate days, 10 mg/day and 20
x 0.12 + 35 xv2 x (1 - 0.8] from a baseline level in view of the log transformation required. To in- mg/day respectively)

230 £ 35 mg/dL (mean = SD). In the second experivestigate any difference among the four treatment ! . 7
ment, the sample size was calculated assuming groups, we used three comparisons: placebo versus 1N€ changes in biomarker levels after
dose-response effect on total cholesterol, i.e., a 6%ny dose of tamoxifen and linear and quadrati? months of treatment by study arm are
reduction from the baseline after 2 months of 1Qrends among the three tamoxifen groups. All Ca|fep0rted in Table 3. If we consider the
mg/day of tamoxifen treatment and 3% with 10 mg/culations were performed by use of PROC GLM insecond experiment only, the mean change
alternate days of tamoxifen. We estimated that, aAS (33). All reported P values are two-sided. . .

90% power and 5% significance, 20 subjects per (95% CI) reduction in total 9h0|e5ter9|
group would be required for a one-way analysis-ofRESULTS was -27.8 (-38.2 to —17.3) with tamoxi-
variance model with four groups. We planned to fen at a dose of 10 mg/alternate days and
analyze the two experiments as one combined ex- The baseline characteristics of subjects25.3 (-36.5 to —14.1) with tamoxifen at

periment, provided there were no substantial basesya ymmarized in Table 1. Although ages dose of 10 mg/day, indicating a signifi-
Ielziegl,ﬁaersg;: ;;;EZE V\\',V:Srenostusji?bt:z tf]';fs rt'r%f the subjects were similar, more pre-cant reduction at a greater level t_han an-
second experiment had to have a 90% power to e§i€nopausal women were recruited in thécipated. In the combined analysis, after
timate the reduction in total cholesterol after a dossecond experiment as a result of a largeadjustment for the baseline values, there
of 10 mg/day of tamoxifen such that the 95% con-proportion of ovarian preservation (36.4%were no significant differences in the

fidence interval (CI) of the mean reduction did not, a5 19,79 in the first experiment). Thechanges in the vast majority of the bio-

igifé?dg'yT;Ztﬁggt'rgfmétvl\?:inﬁis;’ggcéslgzstho%ercentage of women on hormon.e remarkers, inpluding IGF-I, ~among the
data in 15% of women and, therefore, planned t@lacement therapy was also larger in théhree tamoxifen arms. Specifically, while
have 35 women per group in these low-dose armsecond experiment (16% versus 4.9% itevels of all biomarkers except the level
This meant that the second experiment was of ghe first experiment). No differences werdfor fibrinogen were unchanged after 2
comparable size to the first, it could stand alone, anfy,served in other characteristics, includmonths of placebo, all levels of biomark-

the main hypothesis of a difference among the four . . . .
groups in the combined experiment would be testel'd 29€ at menarche, age at first birthers except the level for triglycerides

at a power greater than 95%. waist-to-hip girth ratio, and first-degreeshowed a significant decline during
o family history of breast cancer (data notamoxifen treatment, irrespective of dose.
Statistical Analyses shown). Results were similar after stratifying for

dno-olwapede)/:sdiy wouy papeojumoq

The data for biomarker levels from two arms of 1 N€ baseline values of the biomarkergnenopausal status. For example, for post-
each experiment were pooled and the difference@Ccording to tamoxifen treatment assignmenopausal women, the least square
between average baseline values of the two experinent are shown in Table 2. There wasnean (and 95% CI) change in total cho-
ments and the differences in the biomarker levelgyidence of differences between the twdesterol (mg/dL) was: 8.8 (-1.6 to 19.2)
among four treatment groups were analyzed by yheriments particularly for white bloodfor placebo; -32.7 (-44.6 to -20.9) for
one-way analysis-of-variance model. Because, at . .
baseline, the distributions of all biochemical vari-cell count and red blood cell count amongamoxifen at 10 mg/alternqte days; -24.9
ables except platelet count and antithrombin 11l werdf€sh samples and for fibrinogen leveld-37.7 to —12.0) for tamoxifen at 10 mg/
not normal, square root or log transformations weramong frozen samples and also betweetay; and —-22.5 (-32.3 to —-12.7) for
made to achieve normality. All analyses of baselinghe placebo and 20-mg/day arm for fi-tamoxifen at 20 mg/day. For premeno-
Vi'lues were perfo{’?ed ‘f’” thet.se t;a”?’tfcl”;"eﬂ ‘l’arbrinogen levels. Except for blood cellpausal women, the least square mean (an
?erfl‘s ES;LU irﬁo{ggtergin;grp i,:gresgroi aer;thif_scount, which can be attributed to differ-95% CI) change in total cholesterol was,

cyte count, Lp(a), fibrinogen, and IGF-I; log €nces between laboratories, these differespectively, 1.6 (-25.8 to 29.1), -15.3

woo

q 9296?6/8117”6 L/06/3101e/1oul)

. . <
transformation for triglycerides, leukocyte count.ences in baseline values between experf=37.6t0-7.1),-19.7 (-43.4t0-3.9), and <
and osteocalcin). The principal analysis focused opnents essentially disappeared whe@7.5 (8.3 to 63.2). For cholesterol mea- &
the effects of the different tamoxifen doses on th o

. _ bremenopausal women were excludedures, triglycerides, and blood cell count,
change (2 months’ value of a variable minus base; . .
line value of that variable) in the outcome measured!OM the analysis (e.g., the mean + SOL-month measurements were also avail-
For all variables except IGF-I, this response wadaseline total cholesterol levels wereable. Overall, the changes induced by 35

approximately normally distributed. For IGF-1 226.6 + 26.9 mg/dL, 214.3 + 40.9 mg/dL,tamoxifen treatment were already evident

Vv €C

¥]

N
alone, a log transformation was required before th@29 5 + 44.0 mg/dL, and 223.9 + 37.2at that time (data not shown). S
change in the score was calculated. Adjustment fop, o) in postmenopausal women in the For all biomarkers except HDL choles-
baseline values was performed partly to control for
differences between different experiments or differ-
ent arms and also t_o assess if the decrease in cho- Table 1. Main characteristics of subjects according to tamoxifen treatment assignment
lesterol and other biomarkers was greater when thg
initial level was high. This adjustment was carried Tamoxifen
out through an analysis-of-covariance model with
the baseline as the explanatory covariate and an in- Placebo 10 mg/alternate days 10 mg/day 20 mg/day
teraction between treatment group and bas¢Bag. ~ Characteristic (n=31) (n =32 (n=134) (n=30)
The occurrence of an interaction between the ba§ e, v* 527+4.7 527+73 514+76 517442
line biomarker level and treatment on the change ifg o4y ‘mass index, kg/f 24.0+3.2 25.4+3.7 266+48 242+39
biomarker level over 2 months of treatment (i.e., 8Age at menopause, y* 43.4+5.0 472+4.4 485+ 4.7 43.5+5.6
different effect of treatment depending on the basepremenopausal/postmenopausal 8/23 11/21 13/21 4/26
line value) was assessed by a general linear modeflormone replacement therapy, no/yes 29/2 25/7 25/9 29/1
If there was no interaction, only an adjustment forSmoking, never/current/former 15/7/9 20/715 19/14/1 19/8/3
baseline was carried out. Data were expressed &%
either the mean + SD or the least square m@&a), *Values = means + standard deviation.
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Table 2. Baseline biomarker levels* according to tamoxifen treatment assignment revealed the interaction. For instance, the
higher the baseline value was, the greater
the reduction was in total cholesterol lev-

Among Between e|s after taking tamoxifen (any dose),

Tamoxifen P value

10 mg/alternate

Variable Placebo days 10 mg/day 20 mg/day armst trialst whereas no effect was observed in the
Total cholesterol, mg/dL 229+30 211+45 212+44  219+38 .22 .07 placebo group (Fig. 1). A similar trend
LDL-C,¥ mg/dL 142 £31 129 +£ 39 127 £ 36 138 £40 .28 .06 P i

HDL-C,§ mg/dL 62+ 14 65+ 17 63+ 17 60+ 19 .69 .57 was observed in th.e _C.hanges n platel.et
Triglycerides, mg/dL 115 +50 106 + 54 112+42 101+45 51 86 count and osteocalcin; in contrast, for tri-
Lipoprotein(a), mg/dL 23+15 33+25 22+19 26+27 .32 .37 glycerides and Lp(a), the trend was more
Erythrocytes, 1&mm® 45+0.3 48+04 4.7+0.4 4.4+0.2 .0001 .0001 i _
Leukocytes, 1&mm® 57+1.0 6.3+1.6 65+16 58+14 .13 .03 complex but d.'d nqt reflect a dose
Platelets, 1&fmm® 236+35  244+51 265451 240+47 .07 06 response relationship among the three
Fibrinogen, mg/dL 369 £ 82 27272 266 £ 54 305 + 67 .0001 .0001tamoxifen treatment arms (d ata not
Antithrombin Ill, % normal 100+ 8 100 +13 103 +12 97+15 .28 .15 shown)

Osteocalcin, ng/mL 75+2.0 6.3+2.0 6.1£1.6 6.5+2.1 .07 . " . .
IGF-1| nmol/L 186+7.6  209+6.4  205+6.2 193+87 .65 22 Investigation of the treatment compari-

sons for the main end points revealed that

*Values = means + standard deviation. the differences among the four treatment 9

TExperiment 1 compares tamoxifen at a dose of 20 mg/day with placebo. Experiment 2 comp@f%ps could generally be explained by
tamoxifen at a dose of 10 mg/day with tamoxifen at a dose of 10 mg/alternate dayP. Vidiee for the he comparison of anv tamoxifen arou
comparison among the four arms tests the equality of the four means in columns 2-5 by use of an F tesﬁ. _‘Fhe P y . 9 P
P value for the comparison between the two trials tests the equality of the means in columns 2 and 5WiAl Placebo. Any dose of tamoxifen was
those in columns 3 and 4 by use of an F test. associated with a 10.8% + 2.9% (mean +

*Low-density lipoprotein cholesterol. SD) reduction in total cholesterol, and
§High-density lipoprotein cholesterol. there was no evidence of any difference
Iinsulin-like growth factor-1 among the three tamoxifen groupg® &
.31). There was an 18.7% + 6.6% (mean £
terol, erythrocyte count, and fibrinogen,different effect among arms, dependindSD) decrease in IGF-1 with any tamoxifen
there was evidence of an interaction been the baseline value of the biomarkecompared with placebo, with no evidence
tween baseline and treatment on théTable 3); in most cases, comparison off any difference among the three tamoxi-
change in biomarker level, indicating aeach tamoxifen arm with the placebo arnfen groups P = .73). Similar results

Table 3. Changes in biomarker levels after 2 months of tamoxifen treatment
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Tamoxifen
P value for
Variable Placebo* 10 mg/alternate day* 10 mg/day* 20 mg/day* treatment effectt
Total cholesterol, mg/dL 3.4 -27.8 -25.3 -15.3 .01%
(-7.210 14.0) (-38.2t0 -17.3) (-36.5t0 -14.1) (-25.3t0-5.3)
LDL-C,§ mg/dL 10.1 -19.6 -25.8 -13.7 .08t
(-0.810 21.0) (-30.2t0 -9.0) (-37.1t0 -14.5) (-23.8t0-3.7)
HDL-C,|| mg/dL -15 -6.3 -3.4 -3.8 21
(-4.8t01.7) (-9.4t0-3.2) (-6.7t0 -0.2) (-6.8t0 -0.8)
Triglycerides, mg/dL 1.6 -39 16.0 12.9 .009%
(-12.4t0 15.6) (-18.6 t0 10.7) (0.410 31.6) (-1.5t027.2)
Lipoprotein(a), mg/dL 11 -2.2 1.6 -5.7 .001%
(-1.61t03.8) (-5.1t00.7) (-1.9t05.0) (-8.4t0 -3.0)
Erythrocytes, 1&/mm? -0.05 -0.16 -0.12 -0.12 21
(-0.12t0 0.02) (-0.24 t0 -0.09) (-0.19 to -0.05) (-0.21 to -0.05)
Leukocytes, 1&mm?® 0.24 -0.62 0.23 0.05 .005%
(-0.14t0 0.62) (-0.99 to -0.25) (-0.15t0 0.61) (-0.33t00.43)
Platelets, 1&/mm?® -35 -23.7 -8.1 -9.4 .002%
(-12.7t0 5.6) (-32.8t0 -14.6) (-17.8t0 1.5) (-18.7t0 -0.2)
Fibrinogen, mg/dL -39.6 -52.0 —-48.6 -58.6 43
(-56.8 to —22.5) (-68.2 to —35.8) (-65.4t0 -31.7) (-74.1t0 -43.1)
Antithrombin 1ll, % normal 1.3 -10.7 -12.6 -6.4 .0001
(-1.4t04.1) (-13.7t0 -7.8) (-15.8t0 -9.4) (-9.1to -3.5)
Osteocalcin, ng/mL 0.14 -0.6 -1.1 -1.1 .01f
(-0.2t0 0.5) (-0.9t0 -0.2) (-1.5t0-0.7) (-1.4t0-0.7)
IGF-1,1 % change -0.1 -17.8 -15.9 -23.5 .01
(-10.9t0 12.1) (-26.6 t0 -8.0) (-25.6 t0 -5.0) (-31.8t0 -14.1)

*Levels are expressed as least square means or adjusted means (95% confidence interval) and have been adjusted for baseline values by iselirtgng the ba
values and the interaction between tamoxifen group and baseline as covariates.

TTheP value is for the F test of the main effect of treatment (to show any difference among the four groups) when the slopes of the relationships between the
change and the baseline are the same in all four groups. If the slopes are different (denoted ¥),Rheaiubés for the F test of equality of the slopes because
the treatment effect depends on the baseline.

§Low-density lipoprotein cholesterol.

||High-density lipoprotein cholesterol.

flinsulin-like growth factor-I.
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Fig. 1. Effect of adminis- tency of the lower doses reflects the satu-
tration of different doses 150 - ration of the estrogen receptor, which, in
gfnti?g Xgﬁgnzn: ipnlafggcl’ tgrn, might resultin a comparable preven-
cholesterol level accord- tive activity on breast cancer formation.
ing to baseline cholesterol However, since all the biomarkers studied
(0 = open circles, pla- except IGF-I are not closely related to
cebo; 1 = triangles, breast carcinogenesis, this supposition
La;;‘,g?('f; n:losg]ug;?ngnige could not be tested in the present study.
mg/day; 3= solid circles, Thus, the clinical activity and the toxicity
20 mg/day). The slope of the lower doses of tamoxifen should be
compared with the conventional dose in
future clinical studies. It is interesting that

of the relationship be-
tween the change in total

Change in total cholesterol, mg/dL

- B L B — e ) : .
fehrzlleﬁir;:ninii Zihgor:;is- 100 150 200 250 300 350 the full biologic activity of the every-
cantly different in the Bassline total cholesterol, mg/dL other-day admlnlstratlon, Whlch, given
placebo group compared the prolonged half-life of tamoxifei§7),
with the tamoxifen groups may be assumed to be equivalent to ag
(P = .01; F test [two-sided] for the equality of the slopes [analysis of covariance]). daily dose of 5 mg, suggests that further

dose reductions and/or a more prolonged
were observed in all biomarkers with athe rat, tamoxifen-induced liver carcino-interval between drug intakes might be
significant treatment effect except for tri-genesis is directly associated with DNAworth testing, particularly in a preventive
glycerides P value for quadratic trené=  adduct formation in a dose-dependensetting.
.002) and leukocyte count(value for manner(36); in the human endometrium, Admittedly, there are some limitations
linear trend= .03), where significant dif- the dose—response effect observed ito our study: The trial used the data of two
ferences among the three tamoxiferlinical trials might be the result of anexperiments conducted 3 years apart, and
groups were observed (Table 3). The figinteraction between the genotoxic effect trend toward a difference in several
ures provided represent the average + SBnd the estrogen agonistic effect obaseline measures was observed betweer;
generated from individual values. Table 3amoxifen (37,38). These considerationsthe two experiments, although statistical ©
provides least square means that hawendorse dose reduction as a plausible atrodeling allowed adjustment for these
been adjusted for baseline values. Faiempt to decrease tamoxifen toxicitydifferences. These baseline differences
these reasons, the figures provided hemghile retaining its activity. did not materially affect the results of our
do not exactly correspond to those one Our results show that both 10 mg/daystudy, however, inasmuch as no dose—
can extrapolate from the table. of tamoxifen and 10 mg/alternate days ofesponse effect was observed among the«J
tamoxifen are comparable to 20 mg/dayhree tamoxifen treatment arms, even in =
DiscussioN of tamoxifen in modulating a wide arraythe cases where the biomarker changesz
of estrogen receptor-regulated biomarkwere modified by the baseline levels. The &
While pursuit of the highest tolerateders, including established or putative sureomparable effect among the three dosesg
dose in order to increase cell killing is anrogate end points of cardiovascular disalso observed in postmenopausal women, ¢
intrinsic pharmacologic principle of can-ease such as choleste(@4), fibrinogen where baseline measures were similar, o g
cer cytotoxic chemotherapy, the searcli39), Lp(a) (19), platelet count(40), and provides further evidence for the absenceco
for the minimal active dose underpinsblood cell count(41), as well as promis- of a bias in our study.
strategies of cancer chemopreventionng surrogate end points of breast cancer Although most biomarkers from all
where noncytotoxic agents with a selecsuch as circulating IGF-(31,42). Al- four treatment groups were simulta-
tive mechanism of action are being investhough the study was designed to assessaously determined on frozen samples,
tigated in the attempt to inhibit carcino-dose—response effect of tamoxifen, so thahe analysis of the data as a single trial
genesis at the preinvasive sta(@,35). the power to detect equivalence amongnay be criticized in view of the time
Tamoxifen, a prototype of these agentshe doses is more limited, our findingselapsed between the two parts of the
exerts its antitumor effect by binding toclearly indicate that the conventional dosetudy. We have, however, taken steps in
the estrogen receptor with a plateau obf 20 mg/day largely exceeds the doséhe analysis to justify that this approach is
activity above the concentration that saturequired for the full biologic activity of reasonable; and even if the two parts of
rates the recepta8,9). This mechanism tamoxifen. Given the exploratory naturethe trial are analyzed separately and com-
likely explains the lack of difference in of our study, however, our conclusionspared, the same conclusions are evident.
efficacy between tamoxifen given at 20are important for hypothesis generatiorin the first experiment, the percentage de-
mg per day and tamoxifen given at higheaebout the effect of tamoxifen at low crease in total cholesterol with a daily
doses observed in clinical trials of adju-doses. dose of 20 mg of tamoxifen was 7.6% +
vant treatment of breast canddy). Importantly, modulation of these bio-3.2% (mean + SD), while an increase in
In contrast to its antitumor effect, themarkers by tamoxifen is, at least in parttotal cholesterol of 2.1% + 1.8% was ob-
carcinogenic effect of tamoxifen on susknown to be due to estrogen receptoserved in the placebo arm, thus demon-
ceptible target tissues appears to follow &inding (43-48). Consequently, our re- strating the significant effect of this dose
dose-response relationsh{g—6,36).In  sults suggest also that the maintained pmf tamoxifen on reducing total cholesterol
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level compared with placebo. In the secimportant. Indeed, the maintained bio- (6)
ond experiment, the percentage decreaskxgic activity of the lower doses of
in total cholesterol with the 10-mg/tamoxifen strongly supports the imple-
alternate days dose and the 10-mg/dayentation of trials with clinical end points
dose of tamoxifen were 9.9% * 2.8% ando compare the efficacy and the toxicity of (7
10.0% £ 2.7%, respectively, thus evincinghe lower doses with the conventional
that there is no difference between the redose of tamoxifen in both preventive and
duction in total cholesterol levels follow- therapeutic settings. It is interesting that (®)
ing different doses of tamoxifen. The per-similar conclusions regarding the efficacy
centage numbers given here represent tloé a lower dose of tamoxifen emerged
average computed from individualfrom experiments in animal tumor models
changes. Table 3 provides least squan®3-55).For instance, Maltoni et a(53)
means or mean change in a biomarkdnave reported that tamoxifen at a daily
with adjustment for its baseline value.dose of 0.1 mg/kg body weight in the rat,
Thus, the figures (given as percentsyvhich, assuming an equivalent interspe-lo)
above will not be identical to those thatcies drug metabolism, corresponds to é
one can extrapolate from values given irdaily dose of tamoxifen of at most 6 mg
Tables 2 and 3. Our results on the perper day in a woman weighing 60 kg, can
centage decrease in total cholesterol witachieve full inhibition of cancer forma-
20 mg tamoxifen concur with findings tion in a spontaneous mammary tumof?)
of previous studies (an approximatelymodel. Apart from the effect on the en-
10% reduction in total cholesteroldometria in postmenopausal women, it
(10,25,49,501s do the percentage reducwill be important to evaluate whether a
tions in total cholesterol with the 10-mg/dose reduction is associated with a lowe12)
alternate days dose and the 10-mg/dagvarian stimulation in premenopausal
dose of tamoxifen. Thus, the 10-mgMwomen(56) and with a lower incidence
alternate days dose and the 10-mg/dagnd severity of other adverse effects o{
dose of tamoxifen are associated with théamoxifen, including deep venous throm-
same reduction in total cholesterol as idotic events and vasomotor and genitouri-
the 20-mg/day dose of the drug. The siminary symptoms(57,58), which have
larity in the reductions in total cholesterolgreater impact in a primary prevention
with the lower doses of tamoxifen lendscontext(49). Finally, comparison of low-
support to the supposition that a dosedose tamoxifen with novel selective estro-
response relationship does not exist begen receptor modulators with potentially
tween tamoxifen doses we evaluated anidnproved safety profile§2,59)could pro-
the cholesterol change. Furthermore, if &ide important clues for the choice of safe
dose—response relationship did exist andnd effective preventive approaches for a
if the 20-mg arm had been repeated in thwide range of estrogen-related diseases.
second experiment, given the 10% reduc- (16)
tion observed with 10 mg/day of tamoxi- REFERENCES
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Relationship Between Serum pleiotrophin levels can indicate the enous pleiotrophin with specific ribo-

Concentrations of the presence of tumors expressing this fac- zymes.
. . tor. Monitoring serum levels of pleio- In this study, we analyzed serum levels
Growth Factor P|eI0tI’OphIn trophin may prove useful in determin-  of pleiotrophin during the growth of hu-
and Pleiotrophin-Positive ing the pharmacologic efficacy of man tumor xenografts in experimental
Tumors cytotoxic or anti-pleiotrophin therapy. animals and showed that serum levels of
[J Natl Cancer Inst 1998;90:1468-73] this factor reflect the overall tumor load
Boussad Souttou, Hartmut Juhl, of pleiotrophin-positive tumors in the ani-

Joannah Hackenbruck, Marianne  Tumor expansion and metastasis is ddi@!s- In clinical studies, we observed el-

¢ i - endent on growth factors produced b .vated serum plt_aiotrophin levels in pa-
Rockseisen, Hans-dgen Klomp, b 9 P tients with various cancers of the

Daniel Raulais, Marc Vigny, Anton the tumor cells and/or the stronga). In . . .
Wellsren gny particular, one would expect that angioJd2Strointestinal tract relative to healthy

genic factors targeting sprouting bloquUbJeCts’ and we demonstrated a direct re-

X ; . lationship between pleiotrophin expres-
vessels can be shed into the circulation. .

. . sion in the tumors and elevated serum lev-
Background: Growth factors produced and, hence, may provide a direct measur

. . . gls of the growth factor at the time of
by tumor cells are essential for tumor of tumor progression. With respect to theSurgery
expansion and may be useful in moni- significance of growth factor expression '
toring tumor progression or therapeu- and release into the circulation, severaM ATERIALS AND METHODS
tic efficacy if the factors are released clinical studies found elevated levels of - .
. . . . basic fibroblast arowth factor in the se- Growth factors, antibodies, and cell lines.Re-
into the circulation. In this Stydy' W? . g combinant human pleiotrophin was produced in SF9
measured serum levels of pleiotrophin, rum of patients with cancer of the prostat@eiis by using the baculovirus syste(t®) and pu-
a secreted heparin-binding growth and (2), breast(3), cervix uteri(4), and kid- rified by chromatography of heparin-Sepharose and
angiogenesis factor, in mice bearing hu- neys(5) as well as in the urine of patientsMono S Cdo'umn$- Tdhe anp]ougt of p'f'(?ltfoph'n_PTO-
. . . . fein was determined on the basis of silver staining,
man tumor xenografts to determine with a wide S,p,eCtru_m (,)f different Ca_nce,rswhich had been standardized previougl®) by N-
whether these levels reflected overall (6) These clinical fmdmg§ an(_j SFUC“es Nierminal sequencing of the recombinantly produced
tumor burden, and we examined the re- animals(7) suggest that in principle an- protein. Recombinant human midkine and affinity-
lationship between tumor expression of giogenic factors released from tumors Canuri_ﬁed goat anti—pleiotrqphin poncIor_laI_ antibodies
pleiotrophin and serum levels of this enter the circulation and may serve a§onugated and nonconjugated to biotin were ob-
. . . ] ful indicat ft . tained from R&D Systems, Inc. (Minneapolis, MN).
fact_or n pgtle_nts with cancer. MethOdS- useiul Indicators O tumor progression Ofg,qie fiproblast growth factor was purchased from
Pleiotrophin in serum from mice and as surrogate end points of therapeutic etollaborative Research, Inc., Bedford, MA. Strepta-
humans was measured by use of a ficacy [reviewed in(8)]. vidin—alkaline phosphatase conjugate was obtained
highly sensitive enzyme-linked immu-  We report the development of a highlyom P'fé‘;e Che”:'ca'lc°t-, (IR‘?Ct"fOfﬁ' 'L)-t_b”(‘f
.. . I . ouse monaocional anti-plelotropnin antiooqy,
_nosorbem assay'_For the clinical St_Ud' sensitive enzyme-linked Immunosorbenvﬂ:hich was raised against chicken pleiotrophin that
ies, serum specimens were obtained assay (ELISA) for the segreted hepa”n\'/vas prepared as describll), is a purified immu-
from 193 patients with various cancers binding growth factor pleiotrophir{9). noglobulin G1 and cross-reacts with mouse and hu-
of the gastrointestinal tract and from Pleiotrophin belongs to a family of man pleiotrophin. Cell lines 1205L1(19), MDA-
28 healthy control subjects. In a subset growth factors that includes one othefMB231(12),and MCF-7/FGF-422), were cultured
" . | | f b idkine(10 d olei hi as reported12,19). Tumor xenografts in athymic
0 54 cancer patients, serum evels of member, mi ing(10), an pe|otro'p N ude mice were established and monitored as de-
pleiotrophin were measured at the time is involved in growth and differentiation scribed(19).
of surgery, and tumor expression of processes that are tightly regulated during Case and control subjectsPatients from the De-
this factor was detected immunohisto- developmen{(11). Furthermore, pleiotro- partmentof Surgery, Christian Albrechts University,
chemically. All P values are two-sided. phin is a mitogen for fibroblast&l2), ep- i€ Germany, participated in this study. The age
. . . . . . . range was 38-90 years for patients with colon can-
Results: In mice, serum pleiotrophin ithelial cells(12_,13),and endothe!lal cells cer, 37—78 years for patients with pancreatic cancer,
levels were found to increase as a func- (12-15). It stimulates plasminogen-
tion of tumor size. In humans, elevated activator productiorf16), can induce tube
serum pleiotrophin levels were found in  formation of endothelial cellsn vitro Affiliations of authors:B. Souttou, J. Hacken-
patients with pancreatic cancer (n =41; (15),and thus can serve as a tumor angid¥uck, A. Wellstein, Lombardi Cancer Center and
P<.0001) and colon cancer (n = 652 = genesis factoin vivo. Pleiotrophin is ex- Department of Pharmacology, Georgetown Univer-
0079) but not in patients with stomach pressed in a variety of tumor cell lines an 1ty, Washington, DC; H. Juhl, M. Riseisen, H.-J.
’ P . p y lomp, Department of Surgery, Christian Albrechts
cancer (n = 87;P =.42). A statistically tumor sample¢12) and was found to be yniversity, Kiel, Germany: D. Raulais, M. Vigny,
significant positive association was oncogenic when overexpressed in NIHnstitut National de la Santet de la Recherche
found between elevated levels of pleio- 3T3 cells(17) and SW-13 human adrenalMédicale (INSERM) U440, Paris, France.
trophin in serum drawn at the time of carcinoma cells(12). Furthermore, the _COrrespondence toAnton Wellstein, M.D.,

d expression of this factor growth, angiogenesis, and metastasis %PP :D., Lombardi Cancer Center, Research Bldg.
surgery an p - 9 . ! ,g 9 . ! 311, Georgetown University, 3970 Reservoir Rd.,
by tumors (P<.0001). !n both mice and plelotroph|n-po§|t|ve melanc_)mel&ls_)) NW, Washington, DC 20007 (e-mail: wellstea@
humans, serum pleiotrophin levels and the invasion and angiogenesis ofunet.georgetown.edu).
dropped after successful tumor re- choriocarcinoma(20) were reverted by See“Notes” following “References.”

moval. Conclusions: Elevated serum depleting the tumor cells of their endog-© Oxford University Press
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and 29-86 years for patients with stomach cancehance was measured with a microplate reader at 44§iotinylated, affinity-purified goat anti-
The percentage of male patie_nts in each group wasn. _ _ pleiotrophin polyclonal antibody to detect
52%, 46%, and 68%, respectively. Approval of the Immunohistochemistry of tumor samples. .
institutional review board and informed consent ofCryostat sections were prepared and fixed in act—he captured antlge.n.. The standard Cl_Jrve
the patients were obtained before the study. Serumtone, and endogenous peroxidase was blocked §iowed that the minimum concentration
samples were drawn and stored frozen at —20 °C fdncubation with a 1:100 dilution of kD, in metha-  of pleiotrophin detected was 5-10 pg/mL
up t(? 4 )I/earslbefotgebpl)rogecsjsing. Serumdsamples fr?gul. (Speé:tsi;ms zljver:'e V\{ashgd indphpﬁp::ate—_buffered ?QFig. 1, A). The intraassay coefficient of
randomly selected blood donors served as controléine and then incubated with the primary anti- ,_ . .: .
Processing of blood samplesBlood samples pleiotrophin antibody (which was used in the ELISAvana_tl(_)n was 1"_57%’ and the Interassay
from mice were collected via the retro-orbital sinus[goat anti-human pleiotrophin]) diluted tosg/mL  CO€fficient of variation was 2.10% based
with a Pasteur pipet. Blood was allowed to clot over{or a 1:20 dilution) in PBS containing 1% bovine On five repetitions with a given sample.
night at room temperature and centrifuged at 12 008erum albumin at room temperature (for 2 hours) or - The specificity of the ELISA was
rpm in a minicentrifuge at 4°C to isolate serum.at 4 °C (overnight). After subsequent washing (thre?ested against the pleiotrophin homolo-
After informed consent, serum samples from paz2-minute washes) in PBS, the secondary antibod . -
tients were drawn preoperatively and samples fromvas added (peroxidase-coupled rabbit anti-goat Ig Ous protein midking22), as well as ba-
normal subjects (blood donors) were provided by th§Dianova, Hamburg, Germany]) in 10% type ABO SiC fibroblast growth factor, another hep-
blood bank of the Christian Albrechts University. human serum and incubated for 1 hour at room temarin-binding growth factor, and no cross-
Serum was diluted 1:1 with 2x TBST (1x TBST is perature. After a further wash in PBS, peroxidasgegction was observed in either case.
50 mM Tris—HCI [pH 7.5], 0.15M NacCl, and 0.5% activity was localized by staining with diaminoben- . . .
Tween 20) for the ELISA assay. zidine as a substrate (Vector Laboratories, BurIin-Fu,rther,more’ co-incubation of p|eIOtI’O-
ELISA procedure. A mouse anti-pleiotrophin game, CA). The sample then was rinsed in WaltephIn with a 500-fold excess of human
monoclonal antibody4B7)was diluted to Jug/mL  (two 2-minute washes), and nuclei were stained wittmidkine did not alter the signal generated
in Tris-buffered saline (TBS). Aliquots (100L) of ~ hematoxylin (30-60 seconds). After a final rinse inpy pleiotrophin alone (Fig. 1, B). Because <
the diluted antibody were incubated in 96-wellwater, the samples were dried and covered. secreted mouse and human pleiotrophing
plates (Corning, Inc., Corning, NY) at 4°C over- Statistical analysis. Analyses were carried out . . .
night. The wells were washed three times withwith the PRIZM/Graphpad (San Diego) software.pmteInS have the Same amino a(_:ld se-z
TBST. The remaining free binding sites in the wellsAnalysis for normal distribution, Wilcoxon's signed UENCE&(23), murine and human pleiotro-
then were blocked with 20AL of blocking solution  rank, Mann-WhitneyJ test, and Studentstest, as  phin proteins cross-react in the assay.
(TBST containing 1% bovine serum albumin) for 2well as x? analysis with Fisher's exact test, were  To test whether the ELISA assay could
hours at 4 °C, and the wells were washed three timassed as indicated in the text. Al values are from detect pleiotrophin in serum samples, we
with TBST. Samples were diluted in 2x TBST, andtwo-sided tests. Only values less than .05 were
100+.L aliquots were added to the wells and incu-considered statistically significant.

opeojUMO(

peoe//:sdy

olwe

did experiments in the absence or the 2

1]
bated at room temperature for 1 hour. The wells presence of human_ serum. The standardg
were washed three times with TBST, and the seconREg LTS curve for the detection of pleiotrophin in 3
antibody, a biotinylated affinity-purified anti-human the presence of serum was similar to the g

pleiotrophin goat immunoglobulin G (IgG) (R&D e T curve in the absence of serum (Fig. 1. C )
Systems, Inc.), was added at a concentration of 50§enSItIVIty' Specificity, and (Fig. 1, C).

ng/mL and incubated at room temperature for 1Nterference of Serum With the However, the background level in the
hour. After washing three times with TBST, 12 Pleiotrophin ELISA
of streptavidin-conjugated alkaline phosphatase (50 levels of pleiotrophin present in normal
ng/mL) was added to each well, and the plate was = A sandwich ELISA for pleiotrophin adult human serum. In our present study, =
m‘;‘:‘b;f:J\f’;sﬁ:é":gfe:?ﬁn”"e;evr;‘ifhefé‘gi;:Cfifl':;?vas developed that used an antiwe found pleiotrophin serum concentra-
bated with 10QuL of a p-nitrophenyl phosphate sub- pleiotrophin mouse mopoclona}I ant.ibodytions of 27 + 32 pg/mL .in blood donors
strate (Pierce Chemical Co.) in the dark at 4 °C fo(4B7) that captures pleiotrophin (Fig. 1,(mean + standard deviation; 28). The

18 hours or at room temperature for 2 hours. AbsorA, inset) and a commercially available,serum levels of pleiotrophin that we ob-
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Fig. 1. Characteristics of the pleio-
trophin (PTN) sandwich enzyme-
linked immunosorbent assay A B C
(ELISA). A) Sensitivity. Standard 10.000 4 4
curve for pleiotrophin concentra-
tions from 0.005 to 20 ng/mL. Re- 5 34
sults are from a representative ex- E 1.000 £ E
periment done in duplicaténset) § 3 5 3 5]
Retention of pleiotrophin by 4B7, = N <
i-plei i ; 0.100 4 a a
the anti-pleiotrophin monoclonal S S 1 S 1
antibody (MAb) used as a captur-
ing antibody. Pleiotrophin (50 ng) 0.010 ] : . . ode== | A= = 0
was incubated in ELISA wells that = ©o o 9 9o o - o © © ©o o
. 5 = & & & 8 = Z ¥ X ot 2 = 6 o & &
had been preadsorbed without (=) @ o - o & & [ s = o & 9 = & & g
. . S o & < &8 g 2o + ] S o ©o < © o
or with (+) 4B7 MAb and bovine = & 5 = - 9
serum albumin. Bound pleiotrophin PTN (ng/ml} © E PTN (ng/ml)
was eluted with sodium dodecyl

sulfate—polyacrylamide sample

buffer and subjected to electrophoresis and western blotting with a goat anti-pleiotrophin antiserum (R&D Systems, Inc., Minneapdii§, Sysbificity.
Pleiotrophin (1 ng/mL), midkine (10 ng/mL), basic fibroblast growth factor (10 ng/mL), or pleiotrophin (1 ng/mL) plus midkine (500 ng/mL) watedubj¢ice
ELISA. Results are from a representative experiment done in dupliCatefluence of serum. Pleiotrophin concentrations ranging from 0.005 to 20 ng/mL were
analyzed in the absence (circles) or presence (triangles) of 50% of normal human serum. Results are from a representative experiment doeeStaddplidat
error bars are shown if they are larger than the symbol size.
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served confirm an earlier qualitative studyFig. 2. Xenograft tumor growth
in which the pleiotrophin protein was pu—‘z‘g ,\T)eri‘;ma'ti"er:'i(:"fnz'g;"t;gip:g”
rified gnd sequenced from human post—Subcutaneoug tumor growth of
heparin plasma sampl€24). In contrast 1595, U human melanoma xeno-
to human serum, the serum of athymigyafts (open circles) and serum| o
nude mice contained pleiotrophin leveldevels of pleiotrophin (solid tri-

that were below the detection limit of the@ngles) in the mice are shown.
ELISA. Thus, these results indicate thaﬁi‘:;";‘i::f‘ss g?'[:jé:?;;%? g}etﬂg
serum components other than pleiotromce at different days. Mean +
phin do not interfere with the detection ofstandard deviation values are
this growth factor by the ELISA used.shown (n= 18 tumors; three to

Furthermore, the assay appears to be se?l’iéggﬁlﬁt’ii:‘:egtinst;:’sngt)sgg‘rz';;‘gs
sitive _enough to detect constitutive IevelsfaeveIS of ple'[i’otmr')hm in mice

of pleiotrophin in normal human serum. it 1500 mn? subcutaneous hu-

man tumor cell xenografts of

tumor size [ mm ]
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time [ days ]
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Detecthn Of PlelOtrOphln |n the various 0r|g|n Tumors were

Supernatants of Human Tumor grown from pleiotrophin-positive human breast cancer cells (MDA-MB 231) and melanoma cells (1205LU
Cell Lines as well as from pleiotrophin-negative FGF-4-transfected MCF-7 breast cance(23lls

Human tumor cell lines of various ori-

gins were screened for the presence ahice with the pleiotrophin-positive tumor of the animals (n= 6) was reflected in
pleiotrophin in their culture medium. We xenografts had a pleiotrophin concentrareduced serum levels of pleiotrophin (data
detected 6.3 + 0.1 and 6.9 + 0.2 ng otion of 0.7 ng/mL, which is greater thannot shown).

pleiotrophin/mL of conditioned medium 100-fold above the limit of detection of
from subconfluent 1205LU melanomathe assay.

To test whether the levels of pleiotro-Patients and Healthy Subjects
spectively. Both cell lines had beenphin detected in the serum of tumor-

shown previously by our laboratory to ex-bearing mice reflect the tumor size, we A nonselected group of healthy blood
press pleiotrophin messenger RNAcompared serum levels and tumor size afonors served as control subjects. In this
(MRNA) and protein12,19,25).In other 1205LU melanoma xenografts over a pegroup, only eight of 28 subjects showed
human tumor cells that were deemediod of several weeks. Most surprisingly,pleiotrophin serum levels below the sen-
pleiotrophin mRNA-negative based onat first detection of a palpable tumor nod-sitivity of our assay (Fig. 3). The data
northern blot analysis (MCF-7 breast canule, we already detected increased pleiovere normally distributed with the high-
cer cells and ME-180 squamous cell cantrophin levels in the serum of the animalsest level at 107 pg/mL and an average of
cer cells), no pleiotrophin protein was de{Fig. 2). At this early time, the tumors had27 pg/mL (95% confidence intervaF

and MDA-MB 231 breast cancer cells, re-

tected in the culture supernatants. reached less than 1 ninand, thus, were 16—41 pg/mL).

less than 0.01% of the total body mass. Pleiotrophin serum levels in patients (n
Pleiotrophin Serum Levels in Mice Subsequently measured serum levels of 193) with various cancers of the gas-
With Human Xenograft Tumors pleiotrophin increased in parallel withtrointestinal tract are shown in Fig. 3.

We next asked whether xenografts
grown from pleiotrophin-positive human
tumor cells (MDA-MB 231 breast cancer
cells and 1205LU melanoma cells) would
generate increased serum levels of pleio-
trophin in experimental animals. MCF-7
human breast cancer cells transfected
with a fibroblast growth factor expression
vector, FGF-4 (to give MCF-7/FGF-4

further tumor growth P<.0001). Surgical Relative to samples from control subjects,
removal of subcutaneous tumors in somwe found statistically significantly el-

umoQq

Pleiotrophin Serum Levels in Cancer
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cells), served as a negative control berig. 3. Serum levels of pleiotrophin

cause these cells do not produce pleiotrdPTN) in healthy volunteers and pa-
phin (12). They grow into well-vascular- 20 110 02unes Semsions
ized tumors due to their expression anél10rma| rangé (men+ 2 standard de-

secretion of FGF-422). Serum samples yiations of control values).

from mice bearing tumors of at least 1500

mm® were analyzed (Fig. 2, inset). Pleio-

trophin levels in the serum of mice bear-

ing pleiotrophin-negative MCF-7/FGF-4

tumors were below the detection limit of

the assay. In contrast, the serum from

PTN
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evated serum levels in patients with panfor pleiotrophin and compared the find-serum levels of pleiotrophin predict pleio-

creatic cancer (r= 41; P<.0001) and co-
lon cancer (n= 65;P = .0079) but not in
patients with stomach cancer & 87; P

= .42 ). The respectivé® values were
derived from a Mann—Whitney test due

ings with pleiotrophin serum levels ob-trophin-positive tumors. However, in al-
tained from the corresponding patientsnost half (47%) of the patients with
before surgery. Examples of the stainegleiotrophin-positive tumors (22 of 47),
sections are shown in Fig. 4 (note that théhe amount of pleiotrophin protein pro-
staining is in the tumor cells). The analy-duced by the tumor was not sufficient to

to a lack of normal distribution of the pa- sis of this dataset shows a strong correlaesult in elevated pleiotrophin serum lev-
tients’ values. If one assumes that onlyion between the presence (25 of 47 oels. Finally, some of the serial serum
values above the normal range (i.e., meab3%) or absence (none of 17 sampkes samples were analyzed for pleiotrophin in
+ 2 standard deviations) of healthy subone pancreas sample, four colon samplethe first 10 days after surgery. Whereas
jects are informative, half of the valuesand 12 stomach samples) of pleiotrophinve observed an increase or no change of
from the patients with pancreatic cancem the tumors and elevated or normal seserum pleiotrophin levels in two patients
(20 of 41;P = .0002; Fisher’s exact test),rum levels at the time of surgerywith only palliative surgery, we observed
15.4% of the patients with colon cancel(P<.0001; Fisher's exact test). Pleiotro-a significant decrease (>90% drop;
(10 of 65; P = .23), and 24.1% of the phin was detected immunohistochemicalP<.001;t test) of serum pleiotrophin lev-

patients with stomach cancer (21 of ; ly in seven of nine pancreas sectiongls in two patients with successful re-
=.039) showed serum levels of pleiotro{78%), in nine of 16 colon sectionsmoval of the tumor (n= 3 postsurgical
(56%), and in nine of 22 stomach samplesamples from each patient).

phin above the control range.

To understand whether elevated serurd1%) from individuals who had elevated

levels of pleiotrophin indicate gene ex-levels of pleiotrophin in their serum. In DISCUSSION

pression in the patients’ tumors, we im-particular, patients with pleiotrophin-

munohistochemically stained the sectionsegative tumors do not have elevated We have described a sensitive sand-
of pancreas, colon, and stomach tumorgleiotrophin serum levels, and elevatedvich ELISA for the growth factor pleio-

Fig. 4. Detection of pleiotrophin (PTN)
by immunohistochemistry of various
gastrointestinal cancersd) Sections
from tumors of colon, pancreas, and
stomach cancer patients with elevated
pleiotrophin serum levels are shown.
Negative control sections (0) without pri-
mary anti-pleiotrophin antibody are
shown in the center. Sections stained fol
carcinoembryonic antigen (CEA) are
shown to the rightB) Sections from tu-
mors of colon cancer patients with vari-
ous pleiotrophin serum levels are shown
Note the staining for pleiotrophin in the
tumor cells and not the stroma.
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trophin that can detect pleiotrophin con- In conjunction with our studies in ex- Biochem Biophys Res Commun 1988;151:
centrations in the range of 20 pg/mL to 1(perimental animals, it is tempting to  1312-8. _ _ ,

ng/ and that was specific for pleiotrophinspeculate that monitoring the levels of Zf:;'tz(ﬁgﬂéu\gz"Slf'”BﬁkZE:OgOpfécvi”gﬁ'
because it did not recognize the pleiotropleiotrophin in serum Of_ patients could be o n N, editors. Tumour angi(‘)genesis. New
phin homolog midkine or basic fibroblasta useful measure of residual tumor burden  york: oxford University Press, 1997; p.
growth factor. Normal human serum didand/or recurrence of tumors after therapy. 273-89.

not interfere with the detection of pleio- This notion is supported by the drop in(12) Fang W, Hartmann N, Chow DT, Riegel AT,
trophin by the ELISA, and the assay wadleiotrophin levels in serum after success- Wellstein A. Pleiotrophin stimulates fibro-

.. o blasts and endothelial and epithelial cells and is
sensitive enough to detect constitutivdul tumor removal and the lack thereof expressed in human cancer. J Biol Chem 1992

concentrations of pleiotrophin in the seWith a residual tumor mass. Furthermore,  557.55889_97.

rum of most of the healthy subjects. Inin clinical trials with drugs targeting (13) pelbe J, Vacherot F, Laaroubi K, Barritault D,
contrast to the findings with human serunPleiotrophin for therapeutic purposes  Courty J. Effect of heparin on bovine epithelial
samples, pleiotrophin levels in the serun(e-g-, synthetic ribozymes), monitoring lens cell proliferation induced by heparin affin

. . leiotrophin serum levels would be a ver regulatory peptide. J Cell Physiol 1995;164:
from athymic nude mice were below theP P y 754

detection limits of the assay, although irfiltractive way of assessing pharmacologi&4) Courty J, Dauchel MC, Caruelle D, Perderiset

the assay human and murine pleiotrophir“?ﬁclcacy OT the particular therapeuuc m_OI‘ M, Barritault D. Mitogenic properties of a new
cross-react. ecule or its mode of delivery. Ongoing  endothelial cell growth factor related to pleio-
animal studies in our laboratory suggest  trophin. Biochem Biophys Res Commun 1991;

The most surprising finding in this

study in experimental animals was thdn€ feasibility of this approach. 180:145-51.

(15) Laaroubi K, Delbe J, Vacherot F, Desgranges

fact that even a very low tumor load of P, Tardieu M, Jaye M, et al. Mitogenic aini
less than 0.01% of the body mass led to REFERENCES vitro angiogenic activity of human recombi-
statistically significant increase in the se- nant heparin affin regulatory peptide. Growth

rum levels of pleiotrophin. Furthermore (1) Folkman J. Seminars in medicine of the Beth ~ Factors 1994;10:89-98.
it appears that the tumor cells themsel e’ Israel Hospital, Boston. Clinical applications of (16) Kojima S, Inui T, Muramatsu H, Kimura T,
it app S u S selves research on angiogenesis. N Engl J Med 1995;  Sakakibara S, Muramatsu T. Midkine is a heat

and not the tumor stroma are the most  333:1757-63. and acid stable polypeptide capable of enhanc-
likely sources of the pleiotrophin appear- (2) Meyer GE, Yu E, Siegal JA, Petteway JC, Blu- ing plasminogen activator activity and neurite
ing in serum samples. This conclusion is ~ menstein BA, Brawer MK. Serum basic fibro- outgrowth extension. Biochem Biophys Res

: ; blast growth factor in men with and without Commun 1995;216:574-81.
supported. by the lack of an mcrea.'se n prostate carcinoma. Cancer 1995;76:2304-11(17) Chauhan AK, Li YS, Deuel TF. Pleiotrophin
p|8IOtI‘0phIn serum levels when plelotro- (3) Sliutz G, Tempfer C, Obermair A, Dadak C, transforms NIH 3T3 cells and induces tumors
phin-negative tumor cells are grown into Kainz C. Serum evaluation of basic FGF in in nude mice. Proc Natl Acad Sci U S A 1993;
xenografts in animals (Fig. 2, inset, with breast cancer patients. Anticancer Res 1995; 90:679-82.
MCE-7/EFGE-4 tumors). 15:2675-7. (18) Czubayko F, Riegel AT, Wellstein A. Ribo-
.. . (4) Sliutz G, Tempfer C, Obermair A, Reinthaller zyme-targeting elucidates a direct role of pleio-
In t.he C“m_cal StUdles'_only the groups A, Gitsch G, Kainz C. Serum evaluation of trophin in tumor growth. J Biol Chem 1994;
of patients with pancreatic and colon can-  pasic fibroblast growth factor in cervical can- 269:21358-63.
cer showed significantly elevated levels  cer patients. Cancer Lett 1995;94:227-31.  (19) Czubayko F, Schulte AM, Berchem GJ, Well-
of pleiotrophin in their serum. Serum lev- (5) Duensilng SI Gfrobsse_ J%_Stzt[’)lodien J. Iﬂcfreased sFein A(.‘ I\I/Iele;ngma_lbangiogenesis_and fmr(]etasta-
. o - - serum levels of basic fibroblast growth factor sis modulated by ribozyme targeting of the se-
els of plelotrophln in pat!ents with stom- (bFGF) are associated with progressive lung creted growth factor pleiotrophin. Proc Natl
ach cancer were essentially not elevated. eiastases in advanced renal cell carcinoma  Acad Sci U'S A 1996;93:14753-8.
Our immunohistochemistry data may ex-  patients. Anticancer Res 1995;15:2331-3.  (20) Schulte AM, Lai S, Kurtz A, Czubayko F, Rie-
plain this finding. Only 17% (five of 30) (6) Nguyen M, Watanabe H, Budson AE, Richie gel AT, Wellstein A. Human trophoblast and
of the tumor sections from the patients JP, Hayes DF, Folkman J. Elevated levels of an  choriocarcinoma expression of the growth fac-
. angiogenic peptide, basic fibroblast growth tor pleiotrophin attributable to germ-line inser-
with pa_nqeas and C_0|0n ca.ncers showed factor, in the urine of patients with a wide spec- tion of an endogenous retrovirus. Proc Natl
no staining for pleiotrophin, whereas  tum of cancers. J Natl Cancer Inst 1994;86:  Acad Sci U'S A 1996;93:14759—4.
twice that portion, 35% (12 of 34), of the 356-60. (21) Beau |, Cockshutt AM, Regnier F, Chany-
tumor sections from patients with stom- (7) Soutter AD, Nguyen M, Watanabe H, Folkman Fournier F, Raulais D. Retinoic-acid induced
. . . J. Basic fibroblast growth factor secreted by an heparin binding protein (RIHB) binds to em-
ach cancer were negative for pleiotrophin. . . o . o
- animal tumor is detectable in urine. Cancer Res  bryonal chondrocytes and cartilage primarily
Thus, a correspondingly lower frequency  1993:53:5297-9. via proteoglycans. Exp Cell Res 1995;218:
of elevated levels of pleiotrophin in the (8) Wellstein A. Why monitor angiogenic factors 531-9.
serum of patients with stomach cancer is in patients’ urine? [editorial]. J Natl Cancer (22) McLeskey SW, Kurebayashi J, Honig SF,
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to be expected In addition. the highest Inst 1994;86:328-9. Zwiebel J, Lippman ME, Dickson RB, et al.
ti f pati .t ith ’ ti (9) Li YS, Milner PG, Chauhan AK, Watson MA, Fibroblast growth factor 4 transfection of
portion of patients with pancreatic cancer ™ = ¢, RM, Kodner CM, et al. Cloning and MCEF-7 cells produces cell lines that are tumor-

showed pleiotrophin serum levels above  expression of a developmentally regulated pro-  igenic and metastatic in ovariectomized or
the range of concentrations seen in tein that induces mitogenic and neurite out- tamoxifen-treated athymic nude mice. Cancer
healthy subjects (Fig. 3). This may reflect growth activity. Science 1990;250:1690—4. Res 1993;53:2168-77.
the typically advanced state of this dis-(lo) Kadomatsu K, Tomomura M, Muramatsu T.(23) Bohlen P, Kovesdi |. HBNF and MK, members
h hort di ival ti cDNA cloning and sequencing of a new gene of a novel gene family of heparin-binding pro-
ease a_nd t e shor me lan gurwya ime intensely expressed in early differentiation teins with potential roles in embryogenesis and
after diagnosis of patients with this par-  stages of embryonal carcinoma cells and in  brain function. Prog Growth Factor Res 1991;
ticular cancer. mid-gestation period of mouse embryogenesis.  3:143-57.
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(24) Novotny WF, Maffi T, Mehta RL, Milner PG. Spec|f|c Genetlc Predlctors

Identification of novel heparin-releasable pro-

teins, as well as the cytokines midkine andOf Chemotherapeutic

pleiotrophin, in human postheparin plasma. Ar-ReSponse and Survival in
terioscler Thromb 1993;13:1798-805.

(25) Wellstein A, Fang WJ, Khatri A, Lu Y, swain Patients With Anaplastic

SS, Dickson RB, et al. A heparin-binding OIigodendroinomas
growth factor secreted from breast cancer cells

homologous to a developmentally regulated . .
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mustine, and vincristine (termed PCV).
Unfortunately, no clinical or pathologic
feature of these tumors allows accurate
prediction of their response to chemo-
therapy. Anaplastic oligodendroglio-
mas also are distinguished by a unique
constellation of molecular genetic alter-
ations, including coincident loss of
chromosomal arms 1p and 19q in
50%—70% of tumors. We have hypoth-
esized that these or other specific ge-
netic changes might predict the re-
sponse to chemotherapy and prognosis
in patients with anaplastic oligodendro-
gliomas. Therefore, we have analyzed
molecular genetic alterations involving
chromosomes 1p, 10q, and 19q and the
TP53 (on chromosome 17p) and
CDKN2A (on chromosome 9p) genes,
in addition to clinicopathologic features
in 39 patients with anaplastic oligoden-
drogliomas for whom chemotherapeu-
tic response and survival could be as-
sessedResults/ConclusionsAllelic loss
(or loss of heterozygosity) of chromo-
some 1p is a statistically significant pre-
dictor of chemosensitivity, and com-
bined loss involving chromosomes 1p
and 19q is statistically significantly as-
sociated with both chemosensitivity
and longer recurrence-free survival af-
ter chemotherapy. Moreover, in both
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univariate and multivariate analyses,
losses involving both chromosomes 1p
and 19q were strongly associated with
longer overall survival, whereas
CDKN2A gene deletions and ring en-
hancement (i.e., contrast enhancement
forming a rim around the tumor) on
neuroimaging were associated with a
significantly worse prognosis. The in-
verse relationship between CDKN2A
gene deletions and losses of chromo-
somes 1p and 19q further implies that
these differential clinical behaviors re-
flect two independent genetic subtypes
of anaplastic oligodendroglioma. These
results suggest that molecular genetic
analysis may aid therapeutic decisions
and predict outcome in patients with
anaplastic oligodendrogliomas. [J Natl
Cancer Inst 1998;90:1473-9]
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Gliomas are common central nervous
system neoplasms. The major subtypes of
glioma are astrocytomas, oligodendro-
gliomas, and ependymomas; each subtypes.
has characteristic histologic features. The &
importance of correct and specific glioma =
diagnosis became apparent several yearss
ago with the observation that oligoden-
drogliomas, unlike ependymomas and the
common astrocytic gliomas, were particu-
larly sensitive to chemotherapy. In par-
ticular, many anaplastic oligodendroglio-
mas respond dramatically to combined
treatment with procarbazine, lomustine,
and vincristine (termed PC\(}1,2).For un-
known reasons, however, approximately
one third of gliomas with oligodendroglial

apeoe//

Affiliations of authors:J. G. Cairncross, M. C.
Zlatescu, D. R. Macdonald, Departments of Medical
and Experimental Oncology, London Regional Can-
cer Centre, Ontario, Canada; K. Ueki, D. K. Lisle, J.
S. Silver, Y. Ino, D. N. Louis, Molecular Neuro-
Oncology Laboratory, Department of Pathology and
Neurosurgical Service, Massachusetts General Hos-
pital, and Harvard Medical School, Boston; D. M.
Finkelstein, P. C. Stark, Biostatistics Group, Massa-
chusetts General Hospital Cancer Center, and Har-
vard School of Public Health, Boston; R. R. Ham-
mond, D. A. Ramsay, Departments of Clinical
Neurological Sciences and Pathology, University of
Western Ontario, and London Health Sciences Cen-
tre, Canada.

Correspondence tobavid N. Louis, M.D., Mo-
lecular Neuro-Oncology Laboratory, CNY6, Massa-
chusetts General Hospital, 149 Thirteenth St.,
Charlestown, MA 02129 (e-mail: louis@helix.
mgh.harvard.edu).

See“Notes” following “References.”

$202 I4dy €2 uo 1senb Aq GZG6L6/E L1 L/61/06/e1o1e/0ul)

© Oxford University Press

REPORTS 1473



morphology are resistant tchemotherapy were visible by neuroimaging; 34 showed contrasteria (19), with a final central review by one of the
(3) and, to date, clinical and histopatho_enhancement, with six displaying ring enhancementuthors (D. N. Louis). At diagnosis, 37 tumors were
Il tumors with ring enhancement were newly di- classified as anaplastic oligodendrogliomas, WHO
. . . . agnosed. grade Ill (Fig. 1, A and C). Tumors with necrosis,
which oligodendrogliomas will respond Response to chemotherapy was assessed by seeluding pseudopalisading tumor cells around areas
and which will not respond to treatmentquential neuroimaging and was defined as a desf necrosis, were included:; these two histologic fea-
(4,5)_ The inability to predict the chemo- crease in tumor size of 50% or grea{&6); care was tures were recorded separately. Two of the tumors
sensitivity of oligodendrogliomas compli- ;a:<en to gtqntrol for ste;(t;icé)ef_ﬁc(i?,lg)ancti_ othetr were §ymptomatig enlﬁrgin? and enhan(ijing Iesiolns,
. se-positive respons . The median time to pursuing aggressive clinical courses, and were clas-
Cates, adVISIng early chgmgtherapy an(riillaximum radiographic response was 4 monthsified at diagnosis as WHO grade |l oligodendro-
delaying customary radiation tI'":*"‘a-py!(range, 2-8 months). Of the 30 patients (77%) whaliomas. Tumor DNA was extracted from microdis-
even if early chemotherapy is frequentlytesponded to chemotherapy, 28 responded to PC¥ected, formalin-fixed, paraffin-embedded sections
effective and devoid of toxic effects to theone responded to carmustine, and one responded (20,21). Constitutional DNA was extracted from
brain. In addition, the inability to predict cisplatin and etoposide. Among the 30 respondingplood leukocytes or from formalin-fixed, paraffin-

. atients, there were 14 complete respon§E®). embedded sections of adjacent, uninvolved brain or
chemoresistant tumors causes some p%mong newly diagnosed patients, nine received rafrom other tissue$20,21).

tients re(?eiVing PCV to have unreal_iStiCdiation therapy after responding to chemotherapy )

expectations of therapy and to experiencend seven nonresponders were irradiated. The mddolecular Genetic Assays

side ef.f?CtS with I'_ttle or no benefit. ThuS.'dIEEII_’]thHOV\./-Up vras 3'47 yﬁ ars (Lange, 0'5_14'3 ){)eai). Allelic loss was assessed by loss-of-heterozygosity

the ability to predict the response of brain eseh '”"fts '%a '°”5| ﬁ{"e _teelnsaf)pro"e _tty Sssays(10,20-22)in constitutional DNA/tumor

tumors to therapies would have importan jrSnS;C SutlstieSs a?lrc]ietri?e RC;SV?;\?V Bcl:arcdorngIH:ZIt(r)]BNA pairs by use of microsatellite markers located

benefits for oncologists and their patientSgciences Research Involving Human Subjects at the chromosome 1p (D1S508 and D1S2734), chro-
Oligodendrogliomas, in addition to University of Western Ontario. mosome 10q (D10S88, D10S109, and D10S169),

thei ti | ch it and chromosome 19q (D19S219, D19S412, and
eir sometimes unusual chemosensi Ivf)iagnosis and DNA Extraction D19S596). These microsatellite markers span the re-

ity, have specific molecular genetic alter- gions of chromosomes 1p, 10q, and 19q that are
ations that distinguish them from astro- All 39 tumors were classified by at least two neu-commonly lost in anaplastic oligodendrogliomas;

cytic neoplasms and other subtypes oPpathologists (R. R. Hammond and D. A. Ramsayjhe loss of all markers from each chromosomal arm
glioma (6,7). Allelic losses of chromo- according to World Health Organization (WHO) cri- typically represents loss of the entire arm in anaplas-

somes 1p and 199 are a molecular signa-
ture of oligodendrogliomas and occur in
50%-70% of both low-grade and anaplas
tic tumors(8—11). Furthermore, anaplas-
tic oligodendrogliomas show losses o
chromosome 9p (including the CDKN2A
gene region) and chromosome 1(id),
as well as occasional TP53 gene mutg
tions (12,13).

Molecular diagnostic approaches hav
already made inroads in oncologic diag
nosis and prognosigl4,15).We hypoth-
esized that molecular differences might
explain why some oligodendrogliomas re
spond to PCV but others do not. To test
this hypothesis, we performed moleculaf
genetic and clinicopathologic analyses of
39 anaplastic oligodendrogliomas in
which the chemotherapeutic response ard
survival status of the patients wer

logic differences have not predicte

1%
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known. Fig. 1. Representative histopathologic and molecular genetic characteristics of oligodendrogliomas from the
patient populationA) Tumor from patient 1720 had histologic features characteristic of oligodendroglioma

M ATERIALS AND METHODS (hematoxylin—eosin stain, original magnification x400). Other regions of the tumor from patient 1720 show
anaplastic features similar to those in paneBT Allelic loss was assessed in a polymerase chain reaction

Clinical Parameters (PCR)-based loss-of-heterozygosity assay. Tumor 1720 displayed allelic loss of chromosome 1p (loss of

microsatellite D1S508) and chromosome 19q (loss of microsatellite D19S596) (lane N, constitutional DNA;

The 39 patients (18 males and 21 females) had lane T, tumor DNA; arrows, allelic loss in the tumor) but retained CDKN2A geeeyanel D, lane 1720).
mean age of 46 years at diagnosis (range, 25—-7®atient 1720 responded completely to combined procarbazine, lomustine, and vincristine chemotherapy
years) and a median Karnofsky performance scorgiermed PCV) and is alive without recurrence of disease 6.4 years after diagbjosie tumor from patient
of 70 at the start of chemotherapy (range, 60-90)1746 has characteristic histologic features of anaplastic oligodendroglioma (hematoxylin—eosin, original
All patients received chemotherapy; 37 receivednagnification x400)D) Tumor 1746 had a CDKN2A gene deletion, as shown by the absence of a CDKN2A
PCV, one received carmustine, and one received cigiene-specific band in lane 1746. The upper band is the control PCR product; the lower band is the CDKN2A
platin and etoposide. gene PCR product. Lanes: M, DNA molecular size marker; (+), normal DNA control; (-), “no DNA”

At the time of chemotherapy, patients had tumorgontrol. Note that tumors 1740 and 1744 retained the CDKN2A gene (lanes 1740 and 1744, respectively).
that were either newly diagnosed én 24) or recur- Tumor 1746 retained alleles on chromosomes 1p and 19q (data not shown), and patient 1746 did not respond
rent after radiation therapy (& 15). All tumors to PCV chemotherapy and died 1.7 years after diagnosis.
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tic oligodendrogliomaq10,11,22,23).TP53 gene and recurrence-free survival from the start of che(Table 1; Fig. 1, B)_ No DNA pairs had
mutations were detected by single-strand conformanotherapy, and 2) were associated with the cIinicabartia| deletions of chromosome 1p or
tion polymorphism analysis of exons 5-8 and byoutcome of overall survival from the time of initial L. . . .
direct sequencing of aberrantly migrating bandsliagnosis. The association between dichotomou%gq’ Whl(.:h 1S ConS.IStent with e_arller St“?"
from the polymerase chain reaction (PCR)-amplifiedzariables was tested with Fisher's exact test. Thi€S Showing that oligodendrogliomas typi-
target DNA (24,25). Homozygous deletions of the analysis of survival and recurrence-free survival wagally display allelic loss of the entire short
CDKN2A gene were evaluated with a comparativemade with Cox regression models. For survivalaym of chromosome Q_ll,23)and of the
multiplex PCR assay?26). analyses, patients were censored at their last followz

up. Patients who were alive and who had no evi—entlre Iong arm of chromosome 19

dence of disease progression were treated as Ce‘{LO,ZZ). Furthermore, allelic losses of
. . . . sored for the analysis of recurrence-free survivaichromosomes 1p and 19q were closely as-
For immunohistochemistry, the avidin—biotin

. ivor functi Iculated with th i i =
complex technique was used to assess the MIB- urvivor IUNction curves were caicuiared wi esociated with one anOtheP( '008)'

proliferation index and the expression of p53 proteinW:F:éa;;;LA;iS;em;tgogt'ey&g:igfgzagjo;nr:%i?;WhiCh is consistent with previous reports
(encoded by the TP53 gene) and p16 protein (enWard) regression to select the combination of vari_(9,11); 22 of 34 patients informative for

coded by tthe CDKNZAlge??‘l__I?)'MIB-l m ,2bles that independently predicted the outcome. rénarkers on chromosomes 1p and 19q had
munoreactivity was evaluated with an image analy,, -, models, the relative risk (RR) and 95% con-combined allelic losses of chromosomes
sis system composed of a Sony 3 charge-coupl

d int I (CI) f ignificant dict
device color video camera and an Olympus BX60 . o "meV& (C1) for significant predictors are 1dP and 19q.

; . A ) reported. This estimate reflects the increased hazar .
microscope interfaced with a PowerComputing Prqor failure for patients with the prognostic factor Loss of chromosome 1p was associ

200 computer. The percentage of MIB-1 immuno- . s those without. Al reporteivalues are two- ated strikingly with radiologic response to
reactive tumor cells was calculated after 1000 Ce”%ided Chemotherapy F(< 001: Table 2) Those

from the region of highest labeling were counted by tumors that responded to chemotherapy

use of Image Pro Plus software (Media CyberneticszRESUL.l.S >
Silver Spring, MD). Levels of immunoreactive p53 were likely to have lost chromosome 1p

protein and p16 protein were estimated visually, ant ||alic Losses of Chromosomes 1p and (24 of 27, or 89%) and those tumors with

the results were scored as 0 (no staining), 1 (<5% q " . chromosome 1p loss were all chemosen- @
cells positive), 2 (5%-50% of cells positive), or 31[9q as Positive Predictors of sitive (24 of 24 por 100%) Conversely of

(>50% of cells positive). Chemotherapeutic Response _ ]
the nine chemoresistant tumors that could

Allelic loss of chromosome 1p ocC- pe evaluated for allelic loss of chromo-

The primary goals of the analyses were to deterx . - . .
mine whether molecular genetic, pathologic, and® VA pairs (Table 1; Fig. 1, B). Allelic copies of chromosome 1p (data not :

clinical features 1) predicted chemosensitivity, ad0SS Of chromosome 19q was found in 2&hon). The association of chromosome 2
measured by radiologic response to chemotherady82%) of 34 informative DNA pairs 19q loss and chemotherapeutic responses.

Immunohistochemistry
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Statistical Analyses
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was not statistically significant. However,
Table 1. Clinical, pathologic, molecular genetic, and outcome characteristics of the patient populatig@atients whose tumors had lost both chro-
mosomes 1p and 199 had a significantly
greater chance of responding to chemo-
Cli/;\ical i _ " o therapy than patients whose tumors
Kg?ngfslg)?%g?fscﬁr'ngnce status 70((nrr1123?e’1r:?p§r?ée, 60—‘30)!?Cked such Combme.d l0sseB<001; ©
Enhancement, No./total No. 34/39 (87%) able 2). Of those patients whose tumors o
Ring enhancement, No./total No. 6/39 (15%) had lost both chromosomes 1p and ]_gq’ é_ﬂ
100% (22 of 22) responded to chemo- 5

19’3%5‘%% therapy. Similarly, those patients who re- &
18% (mean; range, 0%-43%)Sponded to chemotherapy were likely to §
have combined losses of alleles on chro- 13
mosomes 1p and 19q (22 of 26, or 85%; =
Fig. 1, B).
The association between losses of §

Characteristic variable Result

L6/ELYLIBLI0G/RI0NE/

Pathologic
Necrosis, No./total No.
Necrosis with pseudopalisading, No./total No.
MIB-1 labeling index
p16 immunoreactivity
Absent, No./total No.
<5%, No./total No.
5%-50%, No./total No.
>50%, No./total No.
p53 immunoreactivity

2/38 (5%)
11/38 (29%)

9/38 (24%)
16/38 (42%)

AL

Absent, No./total No.
<5%, No./total No.
5%-50%, No./total No.
>50%, No./total No.

Molecular genetic
Chromosome 1p loss, No./total No.
Chromosome 19q loss, No./total No.
Chromosome 1p and 19q loss, No./total No.
Chromosome 10q loss, No./total No.
CDKN2A gene deletion, No./total No.
TP53 gene mutation, No./total No.

Outcomes
Response, No./total No.
5-y survival
Median survival
Median recurrence-free survival after chemotherapy

0/39

3/39 (8%)
19/39 (49%)
17/39 (43%)

24/36 (67%)

28/34 (82%)
22/34 (65%)
8/34 (24%)
8/38 (21%)
6/39 (15%)

30/39 (77%)
66%
6.76y

20 y
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chromosomes 1p and 19q and response to
chemotherapy also was reflected in sig-
nificantly longer recurrence-free period of
survival after chemotherapy. Those pa-
tients whose tumors retained both copies
of chromosome 1p had an RR of recur-
rence or death after chemotherapy that
was 4.3 times greater than that of patients
whose tumors had lost chromosome Pp (
= .0014). Furthermore, patients whose
tumors retained chromosome 19q alleles
had an RR of recurrence or death after
chemotherapy that was 5.6 times greater
than that of patients with tumors lacking
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Table 2. Univariate genetic predictors of response and risk of death in patients with .0009). In turn, patients with tumors con-

anaplastic oligodendrogliomas* taining a CDKN2A gene deletion had a
5-year survival rate of only 38% (Fig. 2,

Chemotherapeutic response Risk of death -
B). In contrast to the molecular genetic
Variable Response rate, No./total No. (%) P RR P 95% ClI data. immunohistochemical assessment of
Chromosome 1p the p16 protein, encoded by the CDKN2A
Allelic loss 24/24 (100) <001 0.059 <.0001 0.018-0.199 gene, was not predictive of outcome
Intact 3/12 (25) (Table 1)
Chromosome 19q - ;
Allelic loss 23/28 (82) 126 0.250 .0116 0.085-0.734 To -determme whether other-m.olecula_r
Intact 3/6 (50) genetic events were characteristic of this
Chromosomes 1p and 19q group of ollgodendrogllom.as, we per-
Allelic loss of both 22/22 (100) <001 0.121 <.0001 0.044-0.331 formed loss-of-heterozygosity assays by
No allelic loss of both 4113 (31) using chromosome 10q markers and ex-
szﬁn;_oslome 10q 55 (63) 196 1817 2549 0.650-5.081 amined tumor DNAs for TP53 gene mu-
elic loss . . . . —3. . .
Intact 23126 (88) tgtl(lins.zzgron;ogsfm? 10q Ipss occurredI in
- O
CDKN2A gene eight (24%) o informative cases. A S
Deleted 5/8 (63) 363 4.901 .0009 1.924-12.487 though chromosome 10q loss was associ-5
Intact 24/30 (80) ated with the presence of perinecrotic gz_
TP53 gene pseudopalisadingP( = .0035), chromo- &
Mutant 3/6 (50) 123 2586 0724 0.917-7.293 some 10 status was not associated withg
Wild-type 28/34 (82) g

survival. TP53 gene mutations were
*Risk of death was calculated as RR (relative risk) and was determined for all Cox models. Corresﬁbndf&ynd in six (15%) of 39 cases, with mu-
values are shown with significant values in boldface type PAlalues are two-sided. G+ confidence interval. tation types characteristic of other malig- :
nant gliomag29).However, neither TP53
gene mutation status nor p53 immunohis-
alleles on chromosome 198 (= .0017). mors lost chromosome 1p allelesochemical results were associated with
Finally, those patients whose tumors re(P<.0001; Table 2). Loss of chromosomesurvival (Tables 1 and 2).
tained both chromosomes 1p and 19q hat9qg markers was also a significant predic- Characteristic of malignant glioma, pa-
an RR of recurrence or death after chetor of survival; the RR of death for pa-tients 45 years of age or younger fared
motherapy that was 5.7 times greater thatients whose tumors retained chromosombetter than those older than 45 yed?s<
that of patients with combined allele19qg was four times greater than that for0264). However, Karnofsky performance
losses on chromosomes 1p and 1Bg< patients whose tumors had 19q loBs<  status was not associated with survival. In
.0003). .0116; Table 2). When combined as addition, contrast enhancement was not
Neither age at chemotherapy nosingle variable, allelic loss of chromo-prognostically significant, but ring en-
Karnofsky performance status was sigsomes 1p and 19q showed a remarkablyancement was a powerful negative pre-
nificantly associated with response tcstrong association with survival; the RRdictor of survival (RR= 26.26; 95% CI
chemotherapy. Of the remaining clinical,of death for patients whose tumor retained= 6.94-99.28;P<.0001), with no pa-
pathologic, and molecular genetic factorslleles from both chromosomes 1p andients whose tumors had ring enhance—
analyzed (Table 1), only ring enhanced19q was 8.3 times greater than that foment alive 5 years after diagnosis. Of the @
ment on neuroimaging was associategatients whose tumors showed this compathologic features evaluated, the pres-
with chemotherapeutic response and reédined changeR<.0001; Table 2). The 5- ence of necrosis and necrosis with pseu-
currence-free survival after chemo-year survival rate for patients whose tudopalisading was not associated with re-
therapy. Although this was an uncommommors had lost chromosomes 1p and 19gponse or survival, the MIB-1 prolifer-
feature, none of the six patients whosevas 95% (Fig. 2, A). ation index was not associated with re-
tumors had ring enhancement responded Homozygous CDKN2A gene deletionssponse, but higher MIB-1 indices were as-
to chemotherapy. were detected in eight (21%) of 38 casesociated with decreased survivd? (=
(Table 1; Fig. 1, D). CDKN2A deletions .0253).
occurred preferentially in tumors that re- A stepwise Cox multivariate selection
tained chromosome 1p or 198 & .048), determined that the best model for pre-
suggesting the presence of at least twdicting survival included combined allelic
distinct genetic subsets of anaplastic olitoss of chromosomes 1p and 199 &
godendroglioma. Accordingly, in contrast.0050) with CDKN2A gene deletioP(=
The loss of chromosome 1p was a stato allelic losses of chromosomes 1p and0002) and ring enhancemenP (=
tistically significant predictor of survival 19q, deletions of the CDKN2A gene pre-.0008). Allelic loss of chromosomes 1p
from the time of initial diagnosis (Table dicted reduced survival (Table 2; Fig. 2,and 19q was associated with markedly
2; Fig. 2, A); the RR of death for patientsB). The RR of death for patients whosebetter survival (RR= 0.136; 95% Cl=
whose tumors retained chromosome 1fumors carried a CDKN2A gene deletion0.3-0.54), whereas CDKN2A gene dele-
microsatellite markers was 17-foldwas 4.9 times greater than that for patientsons (RR = 10.331; 95% Cl= 3.02-
greater than that for patients whose tuwhose tumors lacked such deletioRs€ 35.37) and ring enhancement (RR

q GZGBLB/ELYLI6 L/oe/ep!ue/!ouf/woa'dno OIwepEOE// sdny
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Association of Allelic Loss of
Chromosomes 1p and 19q With
Longer Survival and Association of
CDKNZ2A Gene Deletions and Ring
Enhancement With Shorter Survival
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response in patients with anaplastic oligo-
A o | dendroglioma than younger age of the pa-
tient at diagnosis, better performance sta-
tus, or absence of tumor necrosis.

In addition to predicting chemothera-
peutic response, molecular genetic find-
ings provide important prognostic infor-
mation on overall survival for patients
with anaplastic oligodendroglioma. Loss
of chromosomes 1p and 19q, indepen-
dently or in combination, augurs for a
more favorable clinical course with mark-
1p intact edly longer overall survival in patients
whose tumors had these alterations (Fig.
2, A). Loss of chromosomes 1p and 19q
occurred primarily in those anaplastic oli-
] godendrogliomas without CDKN2A gene
deletions, suggesting the existence of a
© CDKNZ2A gene deletion-dependent path-
' way to anaplastic oligodendroglioma that
does not involve inactivation of tumor
suppressor genes on chromosomes 1p an
19q(6). In contrast to the loss of chromo-
some 1p or 19q, CDKN2A gene deletions
portend a worse prognosis, with median
survival times of less than 2 years in pa-
tients whose tumors had CDKN2A gene S
deletions (Fig. 2, B). Curiously, however,
: : : : , CDKNZ2A gene deletions were not asso- =
0 2 4 6 8 10 12 ciated with higher MIB-1 proliferation in-

Time (in years) dices, as has been reported for anaplasti
astrocytomas and glioblastomgg6).
Fig. 2. Kaplan-Meier analysis showing the probability of survival among 39 patients with anapladidus, the worse prognosis associated with
oligodendrogliomaA) Those patients whose tumors have chromosome 1p loss have markedly betterGDKN2A gene deletions is not simply

vival. B) Those patients whose tumors had CDKN2A gene deletions had worse survival. Vertical maggondary to increased cellular prolifera-
represent length of evaluation on individual patients alive at the time of last follow-up, and 95% confidemgﬁ Regardless of the mechanism. ana-

intervals for various times are shown in parentheses. . . .
plastic oligodendrogliomas that progress
via the CDKN2A gene deletion pathway
17.867; 95% Cl= 3.29-96.95) were as- While the mechanism by which loss ofappear to represent a more resistant an
sociated with markedly worse survival.genetic information on these chromo-aggressive subset of histologically indis-
Including clinical features, such as agesomes confers chemosensitivity remaingnguishable tumors.
and performance status, or pathologic feasnclear, allelic losses typically unmask The only other parameter to prove pre-
tures, such as MIB-1 index, did not add tanactivated tumor suppressor genes thalictive for the response to chemotherapyg
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the predictive power of this model. reside on the remaining allel¢30). Un- and survival was the presence of ring en- 3
DISCUSSION derstanding the biologic basis of anaplasaancement on neuroimaging. Although §

tic oligodendroglioma chemosensitivitythis was an uncommon finding, none of
To identify more objective methods ofand the direct or indirect effects associthe six tumors with ring enhancement
establishing which anaplastic oligoden-ated with the loss of chromosomes 1p andhowed radiologic responses to chemo-
drogliomas respond to chemotherapy anti9g must await the isolation of the respectherapy, and patient survival was short.
which patients can expect longer survivaltive genes. Nonetheless, our results deniexamples of ring enhancement, however,
we analyzed a variety of characteristic geenstrate, to our knowledge for the firstdid not overlap significantly with
netic changes in patients with anaplastitime, that specific molecular geneticCDKN2A gene deletions; upon multivari-
oligodendroglioma who were selected orthanges may be used as markers of relate analysis, ring enhancement and
the basis of known radiographic responstive chemosensitivity in malignant glio- CDKN2A gene deletions were indepen-
or lack of response to chemotherapymas and could, therefore, guide therapewtent, adverse prognostic factors. It is
Strikingly, allelic loss of chromosome 1ptic decisions in the management of theseteresting that perinecrotic pseudopali-
or combined allelic loss of chromosomegatients. Moreover, such genetic altersading (the histologic feature most char-
1p and 19q predicted a far greater likeli-ations appear to be more powerful deteracteristic of the highly malignant glio-
hood of chemotherapeutic responseminants of a favorable chemotherapeutiblastoma) was not associated with
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