














PHASE | TRIAL OF SCH66336

Fig. 5. Detection of prelamin A in buccal mucosa
cells from SCH66336-treated patients. Buccal
smears were double-labeled with mouse anti-lamin
A (left) and rabbit anti-prelamin A (right) followed
by fluorochrome-labeled secondary antibodies. Cor-
responding fields were photographéd-D and A'—

D’, samples harvested on day 8 from patients treated
with 200, 300, 400, and 400 mg b.i.d. of SCH66336.
E andE’, pretreatment sample from patient shown in
D andD’. All pretreatment samples were identical to
E andE'.

DISCUSSION FTls were expected to have serious toxicities. The present Phase |
séudy, however, demonstrates that SCH66336 is well tolerated, with

Toour knpwledge, the presem stu_dy Is the first full-length report Ptversible and manageable Gl toxicity. Rigorous physical examination
a human trial of a FTI. The historical development and structura

diversity of ETls have been reviewed recently (26). These ager%nd laboratory tests did not identify any other significant toxicities.

S ) : ’ o
represent the first class of inhibitors to be introduced into clinica éveral factors might account, in part, for the relative lack of toxicity

trials based on their effects on proteins that are genetically altereaolfnSCHE_SGS%' First, SCHE6336 is highly selective for F.T as_com-
cancer cells. Because of their unique mechanisms of action, at Ié%%lied with GGT-1. As aresult, ;eve_ra] farn_esylated !or.otelns might be
four FTls are in clinical trials in the United States and Europe, witieranylgeranylated if farnesylation is inhibited, providing an alterna-
several more at different levels of preclinical development. Several Bf¢ Pathway for generating active forms of the proteins. Second, it is
these agents competitively block the CXAbinding site on FT. possible that survival pathways in normal cells might be less depend-
L731735 and L744832 were designed to mimic the action of tif&it on ras-containing signal transduction pathways than those in
tetrapeptide CVFM, the earliest identified inhibitor of FT. SCH6633&2s-transformed cells. Additional studies in preclinical models and
and R115777, two other FTIs in clinical trials, were identified bglinical specimens are required to determine the basis for the selec-
random screening and then determined to be ®AAimetics. In tivity of FTIs.
contrast, other FTIs under development, including PD 169451 andDespite the growing literature on FTls, there is only limited evi-
RPR 130401, compete for the isoprenoid binding site of FT (27-3Dence that FT is inhibited in animals at therapeutic doses. Accord-
Because of the large number of farnesylated mammalian proteiimgly, we set out to determine whether clinically achievable doses of
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SCH66336 inhibited FT in patients. Mammalian cells contain at least Kato, K., Cox, A. D., Hisaka, M. M., Graham, S. M., Buss, J. E., and Der, C. J.
B : ; Isoprenoid addition to Ras proteins is the critical modification for its membrane

20 FT S,UbStrates’ Severa.l of which reql_“re pren,ylat,lon for further association and transforming activity. Proc. Natl. Acad. $9:,6403-6407, 1992.

processing (1-4). These include prelamin A, which is farnesylategl whyte, D. B., Kirschmeier, P., Hockenberry, T. N., Nunez-Oliva, ., James, L.,

before proteolytic removal of the COOH-terminal peptide (FiB; 2 Catino, J. J., Bishop, W. R., and Pai, J. K. K- and N-ras are geranylgeranylated in cells

Refs. 21, 23, and 32), and the ras proteins. Recent work has showrﬁiéid i’vg';@_famesy' protein transferase inhibitors. J. Biol. Chéma: 14459~

that N-ras and K-ras can undergo geranylgeranylation when farnesy- Sepp-Lorenzino, L., Ma, Z., Rands, E., Kohl, N. E., Gibbs, J. B., Oliff, A., and Rosen,

lation is inhibited by SCH66336 (9). This alternative prenylation N. A peptidomimetic inhibitor of farnesyl:protein transferase blocks the anchorage-
' ependent and -independent growth of human tumor cell lines. Cancer38es.,

makes these ras isoforms unsuitable as biochemical markers for FT(51302_5309, 1995,
inhibition. Although H-ras is not alternatively prenylated, this isoform1. Cox, A. D., and Der, C. J. Famesyltransferase inhibitors and cancer treatment:

o HiEf ; : : _ targeting simply Ras? Biochim. Biophys. Acte333: F51-F71, 1997.
is difficult to detect in normal tissue such as peripheral blood mong_)z_ Lebowitz, P. F., and Prendergast, G. C. Non-Ras targets of farnesyltransferase

nuclear cells. Moreover, as indicated in the “Introduction,” there IS inhibitors: focus on Rho. Oncogent7: 1439—1445, 1998.
evidence that antiproliferative effects of FTls might result from eft3. Bishop, W. R., Bond, R., Petrin, J., Wang, L., Patton, R., Dol, R., Njoroge, G.,

Catino, J., Schwartz, J., and Windsor, W. Novel tricyclic inhibitors of farnesyl
fects on farnesylated substrates other than ras. transferase. J. Biol. Chen270: 3061130618, 1995.

In this study, we examined processing of prelamin A in buccah. Liu, M., Bryant, M. S., Chen, J., Lee, S., Yaremko, B., Lipari, P., Malkowski, M.,
mucosa cells as a potential markeriofvivo activity of SCH66336. Ferrari, E., Nielsen, L., Prioli, N., Dell, J., Sinha, D., Syed, J., Korfmacher, W. A.,

. . . . . Nomeir, A. A, Lin, C. C., Wang, L., Taveras, A. G., Doll, R. J., Njoroge, F. G.,
Removal of the COOH-terminal peptide occurs only if prelamin Ais  pallams, A. K., Remiszewski. S.. Catino, J. J., Girijavallabhan, V. M., and Bishop,

farnesylated (21, 23, 32). We observed a dose-dependent increase if. R. Antitumor activity of SCH66336, an orally bioavailable tricyclic inhibitor of

: ; ;- farnesyl protein transferase, in human tumor xenograft models and wap-ras transgenic
the freque_ncy_of unprocessed_ prelamin A when at_:cessmlg Iamlr_l mice. Cancer Res58: 4947.-4956, 1998,
A-expressing tissue was examined. These data provide the first @i- Anonymous. Common Toxicity Criteria Version 2.0. Bethesda, MD: National Cancer

dence of successful FT inhibition in humans. Because prelamin A is Institute, 1998.

. PIT ..16. Loewinger, L., and McKeon, F. Mutations in the nuclear lamin proteins resulting in
more resistant than ras to the effects of FT inhibition (33), the ability " . aperrant assembly in the cytoplasm. EMBO7J 2301-2309, 1988.

of clinically achievable levels of SCH66336 to inhibit prelamin Ai7. Sinensky, M., Fantle, K., and Dalton, M. An antibody which specifically recognizes

farnesylation suagests that the modification of several FT substra’[(;_,sprelamin A but not mature lamin A: application to detection of blocks in farnesyla-
y . 99 L . tion-dependent protein processing. Cancer Rek.3229-3232, 1994.

has very likely been inhibiteth vivo. 18. Kaufmann, S. H., Svingen, P. A., Gore, S. D., Armstrong, D. K., Cheng, Y-C., and

A >50% shrinkage of a metastatic NSCLC lesion in the adrenal Rowinsky, E. K. Altered formation of topotecan-stabilized topoisomerase I-DNA

gland was noted in a patient previously treated with radiation ang zdnfft’ﬁts;” 'rl“mli'r‘o'he#k%m'? Cﬂgﬁ;ﬁﬁ; 2?;98{21&‘;";99;' K Gartner F. H

chemotherapy. This patient received 21 treatment cycles (14 months).provenzano, M. D., Fujimoto, E. K., Goeke, N. M., Olson, B. J., and Klenk, D. C.
Seven additional patients with refractory tumors had stable disease forMeasurement of protein using bicinchoninic acid. Anal. Biochdi®0, 76 -85, 1985.

. ames, G. L., Goldstein, J. L., Pathak, R. K., Anderson, R. G., and Brown, M. S. PxF,
5-10 treatment cycles. Thus, the present Phase | study in a pretreé?e prenylated protein of peroxisomes. J. Biol. Che269: 14182-14190, 1994.

population provides a hint that this class of agents might have artti- Beck, L. A., Hosick, T. J., and Sinensky, M. Isoprenylation is required for the
neoplastic activity in humans. Phase Il studies of this agent ayg Processing of the lamin A precursor. J. Cel BAIL0: 14593499, 1990.
. 2. Lutz, R. J., Trujillo, M. A., Denham, K. S., Wenger, L., and Sinensky, M. Nucleo-
currently in progress. plasmic localization of prelamin A: implications for prenylation-dependent lamin A
In summary, the present study establishes that the FTI SCH66336assembly into the nuclear lamina. Proc. Natl. Acad. Sci. UEA3000-3004, 1992.

. . . : :23. Kilic, F., Dalton, M. B., Burrell, S. K., Mayer, J. P., Patterson, S. D., and Sinensky,
has a t0X|C|ty pI’OfI|e different from that of most conventional anti M. In vitro assay and characterization of the farnesylation-dependent prelamin A

cancer agents and identifies a suitable dose (350 mg orally twice aendoprotease. J. Biol. Chen272: 52985304, 1997.
day) for Subsequent clinical trials on this 7_day schedule. In additio?’ﬂ,- Heasley, L. E., Thaler, S., Nicks, M., Price, B., Skorecki, K., and Nemenoff, R. A.

. . - . . . Induction of cytosolic phospholipase A2 by oncogenic ras in human non-small cell
this study provides the first demonstration that protein farnesylation |, cancer. J. Biol. Chem272: 1450114504, 1997.

can be safely inhibitedh vivo in humans and the first evidence of25. Kaufmann, S. H. Additional members of the rat liver lamin polypeptide family:
clinical activity of this class of agents. These findings not 0n|y structural and immunological characterization. J. Biol. Che264: 13946—-13955,
encourage the future clinical development of FTIs but also establisBe gibbs, J. B., and Oliff, A. The potential of famesyltransferase inhibitors as cancer
paradigm for the study of other small molecule inhibitors of signal therapeutics. Annu. Rev. Pharmacol. Toxic8l7; 143-166, 1997.
transduction 27. Norgaard, P., Law, B., Mays, D., Pietenpol, J. A., Kohl, N. E., Oliff, A. I., Poulsen,
’ H. S., and Moses, H. L. Inhibition of cell cycle progression and mitogenic signal
transducersn vivo by farnesyltransferase inhibitor. Proc. Am. Assoc. Cancer Res.,
39: 1839, 1998.
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