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To the editor: 1 appreciate the opportunity to respond to
Drs. Smolensky and Campos’ comments on my paper [1].
They make a very valid point about the importance of
marker rhythms in determining the biological time for pa-
tients receiving time-modified therapy and the importance
of sleep onset as a surrogate marker. We have indeed dis-
cussed the importance of this issue in some recent reviews
on cancer chronotherapy [9, 10]. Since time-modified
therapy remains unfamiliar to most oncologists, the argu-
ment for emphasizing the importance of biological time
versus clock time in each chronotherapy publication may
be valid at the present time.

Most clinical studies of chronochemotherapy have en-
tered patients reporting a “normal” activity/sleep routine
without monitoring specific marker rhythms. This may
understandably entail a =2 h difference in sleep onset.
Using this imperfect surrogate measure of biological time
and delivering the chemotherapy according to a specified
clock time, impressive results have been documented with
regard to both time-dependent toxicity and attainable dose
intensity [9]. Continuous monitoring of activity via acti-
graphy provides another indirect measure of biological time
[3]. Clinical data are not available, however, to suggest a
direct relationship between activity thythms and rhythms in
toxicity and activity for cancer drugs. The use of sleep
onset alone as a surrogate marker in cancer patients may be
misleading and incomplete. Several other factors, including
pharmacogenetics, gender, age, race, tumor burden, per-
formance status, and indeed other cancer drugs and ster-
oids, may affect the internal biological rhythms that impact
on the pharmacokinetics and pharmacodynamics of cancer
drugs [13]. Hrushesky et al. [11] have studied marker
thythms in cancer patients with small and large tumor
burdens. Oral temperature, heart rate, and blood pressure
were found to be poor reference rhythms. The cortisol
rhythm was affected by both tumor burden and perfor-
mance status. Urinary volume and sodium excretion
thythms were affected by tumor burden. The rhythm
characteristic of urinary potassium excretion was the most
stable reference rhythm in this patient population.

The circadian activity of dihydropyrimidine dehy-
drogenase (DPD), the main 5-fluorouracil (5-FU) catabolic
enzyme, might serve as a 5-FU-specific marker rhythm [7].
An inverse relationship between DPD activity in peripheral
blood mononuclear cells and plasma 5-FU concentration
has been demonstrated in patients receiving a protracted
continuous infusion of 5-FU [7]. The importance of DPD
activity in determining toxicity from fluoropyrimidines is
suggested by the extreme toxicity seen in DPD-deficient
patients [8]. This observation emphasizes that pharmaco-

genetic differences may far outweigh the importance of
treatment timing with regard to toxicity. Unfortunately, the
use of DPD activity to determine treatment time would be
very costly and not transferable to the general oncology
community. More recently it has become clear in experi-
mental studies that the menstrual cycle stage of 5-FU
therapy may impact on both marrow toxicity [16] and
subsequent fertility [17], emphasizing the importance of
gender variability.

As we discussed in our paper, that only two treatment
times were tested is also of concern. Even though the times
chosen were based on some experimental and clinical data,
our assumption based on those data could lead to far larger
errors with regard to determining a “best time” for 5-FU
therapy than does the 2- to 3-h interindividual variation in
sleep onset. A six-arm prospective study comparing tox-
icity and therapeutic acticity at six different treatment times
is the only trial design that may answer chronotherapy
questions adequately for any drug in any disease process
[10]. Ideally this should be combined with the monitoring
of both disease- and drug-specific marker rhythms.

Rather than attempting to tailor time-modified therapy
to each individual’s internal biology, one might attempt to
synchronize a patient’s biological time to a common clock
hour. Several studies have shown that bright light pulses
delivered over three or more successive cycles can
phase-shift the human circadian timing system [4, 5, 12].
Clinical trials conducted in patients with circadian-related
sleep disorders [14], seasonal mood disorders [2], and
Alzheimer’s disease [15] and in shift workers [6] have
documented that phase-shifting can be achieved and used
with clinical benefit in these disorders. Convenient light
sources are now commercially available that can deliver
timed doses of high-intensity light to patients. Light ther-
apy might synchronize and stabilize the circadian time
structure of patients receiving time-modified therapy and
increase the potential benefits of this scheduling method
even more. This has not been attempted in clinical trials of
cancer chronotherapy to date.

We have alot to learn with regard to circadian delivery
of chemotherapy. Hopefully our small contribution to this
field will get other investigators interested in further re-
fining and evaluating this scheduling method.
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