










DISCUSSION

To our knowledge, the present study is the first full-length report of
a human trial of a FTI. The historical development and structural
diversity of FTIs have been reviewed recently (26). These agents
represent the first class of inhibitors to be introduced into clinical
trials based on their effects on proteins that are genetically altered in
cancer cells. Because of their unique mechanisms of action, at least
four FTIs are in clinical trials in the United States and Europe, with
several more at different levels of preclinical development. Several of
these agents competitively block the CAAX binding site on FT.
L731735 and L744832 were designed to mimic the action of the
tetrapeptide CVFM, the earliest identified inhibitor of FT. SCH66336
and R115777, two other FTIs in clinical trials, were identified by
random screening and then determined to be CAAX mimetics. In
contrast, other FTIs under development, including PD 169451 and
RPR 130401, compete for the isoprenoid binding site of FT (27–31).

Because of the large number of farnesylated mammalian proteins,

FTIs were expected to have serious toxicities. The present Phase I
study, however, demonstrates that SCH66336 is well tolerated, with
reversible and manageable GI toxicity. Rigorous physical examination
and laboratory tests did not identify any other significant toxicities.
Several factors might account, in part, for the relative lack of toxicity
of SCH66336. First, SCH66336 is highly selective for FT as com-
pared with GGT-1. As a result, several farnesylated proteins might be
geranylgeranylated if farnesylation is inhibited, providing an alterna-
tive pathway for generating active forms of the proteins. Second, it is
possible that survival pathways in normal cells might be less depend-
ent on ras-containing signal transduction pathways than those in
ras-transformed cells. Additional studies in preclinical models and
clinical specimens are required to determine the basis for the selec-
tivity of FTIs.

Despite the growing literature on FTIs, there is only limited evi-
dence that FT is inhibited in animals at therapeutic doses. Accord-
ingly, we set out to determine whether clinically achievable doses of

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 photographed.A–D andA9–
D9, samples harvested on day 8 from patients treated
with 200, 300, 400, and 400 mg b.i.d. of SCH66336.
E andE9, pretreatment sample from patient shown in
D andD9. All pretreatment samples were identical to
E andE9.
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SCH66336 inhibited FT in patients. Mammalian cells contain at least
20 FT substrates, several of which require prenylation for further
processing (1–4). These include prelamin A, which is farnesylated
before proteolytic removal of the COOH-terminal peptide (Fig. 2B;
Refs. 21, 23, and 32), and the ras proteins. Recent work has shown
that N-ras and K-ras can undergo geranylgeranylation when farnesy-
lation is inhibited by SCH66336 (9). This alternative prenylation
makes these ras isoforms unsuitable as biochemical markers for FT
inhibition. Although H-ras is not alternatively prenylated, this isoform
is difficult to detect in normal tissue such as peripheral blood mono-
nuclear cells. Moreover, as indicated in the “Introduction,” there is
evidence that antiproliferative effects of FTIs might result from ef-
fects on farnesylated substrates other than ras.

In this study, we examined processing of prelamin A in buccal
mucosa cells as a potential marker ofin vivo activity of SCH66336.
Removal of the COOH-terminal peptide occurs only if prelamin A is
farnesylated (21, 23, 32). We observed a dose-dependent increase in
the frequency of unprocessed prelamin A when accessible lamin
A-expressing tissue was examined. These data provide the first evi-
dence of successful FT inhibition in humans. Because prelamin A is
more resistant than ras to the effects of FT inhibition (33), the ability
of clinically achievable levels of SCH66336 to inhibit prelamin A
farnesylation suggests that the modification of several FT substrates
has very likely been inhibitedin vivo.

A .50% shrinkage of a metastatic NSCLC lesion in the adrenal
gland was noted in a patient previously treated with radiation and
chemotherapy. This patient received 21 treatment cycles (14 months).
Seven additional patients with refractory tumors had stable disease for
5–10 treatment cycles. Thus, the present Phase I study in a pretreated
population provides a hint that this class of agents might have anti-
neoplastic activity in humans. Phase II studies of this agent are
currently in progress.

In summary, the present study establishes that the FTI SCH66336
has a toxicity profile different from that of most conventional anti-
cancer agents and identifies a suitable dose (350 mg orally twice a
day) for subsequent clinical trials on this 7-day schedule. In addition,
this study provides the first demonstration that protein farnesylation
can be safely inhibitedin vivo in humans and the first evidence of
clinical activity of this class of agents. These findings not only
encourage the future clinical development of FTIs but also establish a
paradigm for the study of other small molecule inhibitors of signal
transduction.
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