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By the mid-1970s, clinical oncology was facing an enig-
| ma. Patients with a wide variety of neoplasms—leu-
. kemias, lymphomas, small-cell lung cancer, and ovarian
carcinoma, to name some—were regularly achieving com-
. plete remission on combination chemotherapy. However,
1 many of these remissions were not durable. Patients
" would relapse, often with cancer histologically identical
. to the original, and, surprisingly, with retained biochem-
. ical drug sensitivity. This latter aspect was perplexing,
- for relapse could only be the result of two possi-
bilities: inadequate killing of drug-sensitive cells or, al-
| ternatively, the presence of drug-resistant cells. The re-
. lapsing patients did not seem, at the time, to be under-
. treated, for they routinely had received at least two
- cycles of marrow-suppressive chemotherapy after the to-
. tal clinical disappearance of their cancers. It would have
. been reasonable to assume that a few cells had escaped
| treatment because of biochemical resistance to the drugs
. employed. Examples of this latter phenomenon were well
. known in the laboratory (1). Yet, in the clinic, as rig-
. orously documented in advanced Hodgkin’s disease (2),
' the reapplication of the original chemotherapy could fre-
. quently reinduce complete remission. Clearly, the vast
majority of cells at first relapse could not be biochem-
. ically resistant, or they would not have responded to the
. second application of the original drugs. At subsequent
relapses, true cellular resistance would dominate: this
. was then evident in an inability to attain significant dis-
. ease regression. Yet, the question posed by the first re-
. lapse remained unresolved: how could biochemically sen-
. sitive cells so completely escape intensive induction ther-
. apy? Could some factor besides drug resistance explain
| the discrepancy between remission and cure rates?

' This enigma seemed related to an evolving view of
. postsurgical adjuvant chemotherapy. Active agents and
. combinations had been identified for stage IV breast can-
. cer, and these therapies had been applied immediately af-
| ter mastectomy for patients with stage II disease. Pre-
| vailing theory suggested that such an approach should be
. highly effective for several reasons (3). The microscopic
. tumor was smaller, and therefore fewer cells had to be
. eradicated. Small tumors often had a high percentage of
" mitotically active cells, and therefore a high percentage
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of cells were metabolically vulnerable to drugs which dis-
rupt the mitotic cycle. Although preliminary results from
early trials were indeed enticing (4), by the mid-1970s,
some disturbing trends were apparent (5). While relapse
rates between treated patients and controls were indeed
different, it was clear that a high percentage of the
micrometastatic tumors found in the postsurgical setting
were not being easily cured by adjuvant chemotherapy.
This was especially evident in survival curves for post-
menopausal patients. Merely increasing the number of
drugs in the adjuvant regimen did not necessarily im-
prove results. In addition, patients with larger tumor
burdens (ie, more positive axillary lymph nodes) seemed
to be receiving more benefit than those with lower bur-
dens. This suggested that the relationship between tumor
growth and curability was not as straightforward as
theory indicated. In sum, the effect of adjuvant chemo-
therapy was real, but, at least in the randomized studies,
not as great as anticipated. Why was treatment less cura-
tive than had been reasoned?

In light of these problems, we set out to examine the re-
lationship between tumor size and response to therapy.
Our approach involved a relatively uncomplicated mathe-
matical model, chosen to provide explanations for some
of the clinical anomalies observed. The model also sug-
gested approaches for improving therapeutic results us-
ing existing cytotoxic agents. This paper will briefly re-
view these ideas and examine relevant clinical results
generated in the 7 years since the model was first pub-
lished.

The Log-Kill and Norton-Simon Models

In the mid-1970s, the dominant model relating tumor
size to responsiveness to therapy was the log-kill model,
developed by Skipper, Schabel, and coworkers at the
Southern Research Institute (8). Following subcurative
treatment, the regrowth of murine leukemia L.1210 was
observed to trace a curve indistinguishable from un-
treated cells. Hence, it was possible to estimate the num-
ber of cells killed by a therapy measurement of prolonga-
tion of survival (6,7). This task was facilitated by the fact
that the growth of L1210 was very closely approximated
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by the exponential growth curve. In exponential growth,
the percentage of cells engaged in mitosis stays constant
over time. Hence, the whole tumor increases by a con-
stant fraction over time. Say it takes x days for a tumor
to increase by a factor of 10, which is called a 1-log in-
crease. Over any x-day interval, the tumor will increase
by 1 log, regardless of the starting time or initial cell
number. Skipper observed that when a given number of
L1210 cells in vivo were treated with a fixed dose and
schedule of chemotherapy, a certain fixed survival pro-
longation was achieved. This was consistent with the
death of a certain number of cells. Remarkably, the ex-
tent of the survival prolongation was the same regardless
of the original number of L1210 cells at the start of treat-
ment. This could only be explained if the therapy killed a
certain percentage of the cells present, not a fixed num-
ber of cells.

The log-kill model can be stated mathematically in the
following way:

dN(t)/dt = GF(N)-N(t)-K-L(t)- N(t) [1]

When N(t) is the number of tumor cells at time t, the
left-hand side of the equation represents the rate of
change of N(t) with time, L(t) represents the effective
level of therapy at time t (functionally related to the dose
level and schedule of drug administration), and K is a
constant. GF(N) represents the instantaneous growth
fraction for a tumor of size N. This is defined as dN(t)/dt
divided by N(t) for an untreated tumor and is related to
the percentage of cells engaged in mitosis (13). For expo-
nential growth, GF(N) is constant. Equation 1 states that
the rate of change in number of tumor cells is determined
by the rate at which new cells are added to the population
minus the rate at which existing cells are killed and re-
moved. New cells are added at a rate determined by the
product of GF(N) and N(t). The rate of cell kill is propor-
tional to the cell number N, with a proportionality that is
determined by the level of therapy L. Reference 9 con-
tains more details about this model.

An implication of the log-kill model [Equation 1 with
GF(N) constant] is that large tumors will always appear
to regress much more rapidly than small tumors. We
found that this was not consistent with many clinical ob-
servations. Large tumors often regress more slowly than
tumors of equivalent histology but smaller size. Hence,
advanced tumor size is of adverse prognostic significance
in many diseases curable at small volumes (10,11). This
effect may be related to genetically stable biochemical
drug resistance (12), but could also be explained on purely
kinetic grounds. While the assumption of exponential
growth is reasonable for murine leukemia, most experi-
mental solid neoplasms grow by Gompertzian kinetics, in
which GF(N) decreases with increasing N (14-17). This
pattern has been rigorously documented in human mul-
tiple myeloma (18) and testicular carcinoma (19). Since
most anticancer drugs attack mitotic cells (20), the frac-

164

tion of dividing cells may be important in determining
the responsiveness of a tumor. We expressed this concept
in the following equation:

dN(tydt = GF(N)- N(t)-K1-L(t)- GF(N)- N(t) 12}

This model is equivalent to Equation 1, except that the
rate of cell kill is now proportional not only to the level of
therapy L, but also to the instantaneous growth fraction
at that time. For exponentially growing tumors, GF is
constant regardless of tumor size, so the two models are
identical. For other patterns of tumor growth, the models
differ. An example is Gompertzian growth, where Equa-
tion 1 would predict that the rate of regression would de-
crease with shrinking tumor size and that a “cure vol-
ume” may never be reached. By Equation 2, the rate of
regression would also decrease, but to a lesser extent.
Nevertheless, the overall rate at which the tumor shrinks
toward a “cure volume” would be shallow for small-vol-
ume Gompertzian cancers. While substantial experimen-
tal data support Equation 2 (9,21-27), the therapeutic
implications of this model and of our generalization of
the log-kill model (Equation 1) are actually quite similar.
These implications are the following:

1. The level of therapy necessary to cause a tumor re-
gression or even a “complete clinical remission” may not
be sufficient to eradicate the tumor.

2. The level of therapy necessary to cause the regres-
sion of large tumors, eg, in the metastatic setting, may
not be sufficient to cure small tumors in the adjuvant set-
ting.

3. In the setting of complete remission, the level of

therapy which prolongs the durations of the remission
may not cause cures, even if given indefinitely.
All of these implications hold, even in the absence of bio-
chemically resistant cells. These points can be intuitively
appreciated by noting that for tumors with Gompertzian-
type growth curves, the rate of regrowth increases as the
tumor shrinks. Hence, the level of therapy adequate to
initiate a regression may not be sufficient to sustain the
regression and produce cure.

These points do not necessarily predict universal fail-
ure, for in some individuals the rate of regression of
small-volume disease in response to conventional therapy
will be sufficient to achieve a volume that precludes later
regrowth. Nor does this analysis deny the importance of
true biochemical resistance which could be important in
many instances. However, even in the absence of bio-
chemical resistance, all of the above implications hold.
The result is that some cancers may be difficult to cure
entirely on kinetic grounds.

In both models, the rate of shrinkage of a tumor is only
partially dependent on intrinsic kinetic factors. The
other major determinant is the level of therapy. By the
mid-1970s, it was already clear that higher doses of an
anticancer agent would usually cause greater rates of re-
gression than lower doses against similar tumors. Simi-
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' larly, more frequent administration could sustain a cer-
' tain rate of regression for a longer period, and thereby
. accomplish more overall tumor volume regression. Subse-
| quent analysis of clinical data (28,29) has supported
' these conclusions, and specific experiments have con-
' firmed a rising relationship between clinical-range dose
and response for many chemotherapies (23,30). We there-
 fore suggested that one way of combating the slowing
 rate of regression of a tumor as it shrinks in response to
| therapy was to increase the intensity of treatment as the
" tumor became smaller. This could be accomplished in two
- ways. The first method was to use a certain combination
of agents as an induction, and then increase the dose
' level of the whole combination or individual components.
' This could be termed an intensification. The second
method was to abandon the original agents once remis-
| sion was obtained, and use new agents, perhaps in com-
' bination, but always at an aggressive dose schedule. This
- would be a cross-over intensification. We recognized that
 this latter approach would also address the issue of true
‘biochemical resistance. This was known to be an impor-
‘tant problem for some patients on first relapse and for
'most on subsequent relapses. Specifically noted was that
' the tendency for low-dose “maintenance” programs, us-
ing drugs at suboptimal levels after initial chemothera-
peutic or surgical induction, was a particularly poor ap-
proach to postremission therapy (31).
. The concept of intensification was formulated with re-
spect to the issue of toxicity as well as antitumor effect.
' For both models it can be shown mathematically that the
'smallest resulting tumor size for a given total level of
therapy [integral of L(t)] is accomplished if the entire
therapy is given over as short a time period as possible,
ie, as induction treatment. Because of toxicity, however,
this is generally impossible. Consequently, in 1977 we
recommended the concept of using an induction to reduce
'the tumor volume to a size eradicable with a clinically
tolerable intensification. This was a practical compro-
‘mise. The concept was to intensify therapy as soon as
possible, as much as possible, and for as long as possible,
ather than to prolong a reduced level of therapy in the
hen-standard “maintenance” approach. The likelihood of
success for an intensification plan depends upon the ab-
'sence of biochemically resistant cells and the degree to
which therapy can be intensified.
. The concept of intensification, with or without cross-
over, was later labeled the Norton-Simon hypothesis, to
distinguish it from the Norton-Simon model. The hypo-
thesis did not assert that intensification must be better
than other designs. The model merely indicated that such
plans might be better, if the tendency for slow rate of
pegression at small volumes could be overcome by sheer
orce of dose. It was certainly recognized that it was
athematically possible that for some tumors, no level of
ntensity achievable in the clinic could accomplish this
0al. It was suggested, however, that late intensification
was worthy of clinical trial, to determine if the dose
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levels that were feasible were sufficiently efficacious.
Such trials could then be examined with respect to kinet-
ic models, which could prove useful in interpreting the
clinical results.

Review of Clinical Trials

No well-controlled clinical trials have yet employed the
concept of pure intensification therapy. To some extent,
this is because of an interest in administering a large
number of drugs in an effort to overcome biochemical re-
sistance. Some promising regimens designed primarily to
overcome biochemical resistance, however, may in fact
achieve their advantage due to the principles described
above. This is particularly so in programs which use a
cross-over from one combination of drugs to another.
Consolidation of a complete remission with a new com-
bination may, in some cases, be effective because of in-
creased cell kill of tumor cells that remain sensitive to the
drugs used for induction. Because biochemical resistance
is sometimes the major problem, it is certainly sensible to
design regimens that attempt to circumvent both forms
of resistance. Success with such regimens may, however,
be difficult to interpret in terms of biological principles.
Randomized trials with appropriate control groups are
necessary to adequately determine whether one can suc-
cessfully improve outcome by eradicating sensitive cells
through intensification. In large part, these trials have
not been performed. We will, however, review the indi-
rect and preliminary experience obtained that is relevant
to the concept of intensification therapy.

Hodgkin’s disease is a classic example of a tumor that
can relapse from complete remission (CR) with cells still
sensitive to the original induction agents (2). The Cancer
and Leukemia Group B (CALGB) has completed a pilot
study of the feasibility of a pure intensification for com-
plete remitters (32). Patients were induced into CR with
mechlorethamine, vinblastine, procarbazine, and predni-
sone, then, following a rest to allow for complete marrow
recovery, were given four cycles of these same agents at
augmented dose levels calculated on the basis of toler-
ance during induction. This regimen was found to be fea-
sible and tolerable, and, while no conclusions regarding
efficacy could be drawn from a one-arm pilot, no indica-
tion of inferiority to historical experience was evident.
For 30 patients in CR who accepted intensification, 92%
(actuarial estimate) were relapse-free at > 1 year of me-
dian follow-up postremission. These data are of value, be-
cause they provide sufficient background for prospective
trials analyzable for the impact of such intensification on
regrowth of biochemically sensitive cells.

The Eastern Cooperative Oncology Group (ECOG) has
presented preliminary data concerning patients with ad-
vanced Hodgkin’s disease who received mechloretha-
mine, vincristine, procarbazine, prednisone, and bleo-
mycin (MOPP-Bleo) for six cycles. Some patients were
randomly crossed-over to three cycles of doxorubicin,
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bleomycin, vinblastine, and dacarbazine (ABVD) (33). Al-
most 60% of > 200 patients achieved CR with MOPP-
Bleo, and almost another 25% achieved CR on follow-up
treatment with ABVD. At the time of the report, > 90%
of patients with CR remained alive at 5 years. For the
60% of the patients induced into CR by the single com-
bination, the use of ABVD during remission is interpret-
able as a cross-over. This would qualify as an intensifica-
tion, however, only if maximally tolerable dose levels
were employed. For the 40% of patients not achieving re-
mission on MOPP-Bleo, continued use of this regimen
could not be considered adequate preparation for a late
intensification. Since more than half of these 40% did
achieve CR on ABVD, an earlier cross-over might have
been preferable. Hence, the use of ABVD following
MOPP-Bleo could be the basis for a cross-over intensifica-
tion, depending on the timing of the cross-over and dose
levels of ABVD employed. The efficacy of such a regimen
would depend on the biochemical and kinetic composition
of the cells residual after MOPP-Bleo. This latter point
could be assessed by retreating lymphomas that relapse
from the MOPP-Bleo/ABVD regimen with MOPP-Bleo,
ABVD, or the combination of both. This would give some
idea of the degree of biochemical resistance found in
residual populations, and is ethically justified on the ba-
sis of retreatment MOPP data (2). It would be particu-
larly instructive to compare the ECOG approach with the
use of a strict alternation of MOPP (or its variant) and
ABVD as reported from Milan (34). If 60% of patients
are induced into CR by MOPP alone, it is possible that
these patients would be MOPP-undertreated by diluting
6 months of that regimen over 12 full months of a treat-
ment employing ABVD. A great deal would depend on
the overlap sensitivity of populations to MOPP and
ABVD. The excellent CR rate reported for the strict al-
ternation (34) is in keeping with preliminary results from
other programs (35). However, not all experience with
strict alternation has been positive (36). At present, the
CALGB is repeating the Milan trial, comparing 12
months of alternating MOPP and ABVD to each regimen
alone. This trial and future studies should be analyzed
with respect to the implication of various models. Atten-
tion should be paid to subsets of patients with clinical
characteristics suggesting particular kinetic situa-
tions: those with bulk disease, mixed cellularity histol-
ogy, or marrow involvement would be some examples. It
is possible that different subsets of patients may be best
served by different approaches.

Two major programs in the therapy of aggressive non-
Hodgkin’s lymphomas utilized cross-over designs. Both
were particularly concerned with diffuse, large-cell his-
tologies. The ProMACE-MOPP regimen first applied
prednisone, methotrexate, doxorubicin, cyclophospha-
mide, and etoposide, in repeated cycles with careful as-
sessment of the rate of tumor volume regression (37).
About 40% of patients had a smooth rate of tumor vol-
ume regression, achieved CR, and were consolidated by
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one additional cycle. They were then given the familiar
MOPP regimen for a symmetrical duration of time. This
is clearly a cross-over at CR, which could be viewed as a
new-agent intensification, depending on the dose levels
used. Following MOPP, the patients received additional
cycles of ProMACE, but now each 2 months to assure
that marrow recovery would allow for adequate dose lev-
els of treatment. Another 20% of patients did not achieve
CR on their induction exposure to ProMACE, but, on
demonstrating a slowing of their initial rate of tumor vol-
ume regression, switched to MOPP, which did accom-
plish CR. These patients received one cycle of MOPP in
CR, then additional cycles of ProMACE as a late intensi-
fication. Other patients achieved CR on the second appli-
cation of ProMACE, having demonstrated a slowing of
rate of regression on a first application of ProMACE,
then a slowing of regression on the MOPP cross-over.
These latter patients are an important group because
they “failed” ProMACE originally, which is the reason
they were switched to MOPP. It is possible that a high
percentage of the original tumor was MOPP-sensitive but
ProMACE-resistant, so that on the first ProMACE sec-
tion the dominant MOPP-sensitive cells grew, forcing a
switch to MOPP. When the MOPP-sensitive cells were
eradicated, however, a residual collection of ProMACE-
sensitive, MOPP-resistant cells could be seen, which did
enter CR on the reapplication of ProMACE. This is in
fact a modeling hypothesis to explain the data, and may
be productively pursued in future programs. The total
75% CR rate in this regimen and its durability (a < 25%
relapse rate at > 3 years of observation) compare favor-
ably with less complicated regimens, but no prospective
evaluation of alternate plans has yet been accomplished.
The innovative aspects of this program are the flexibility
of the various regimen durations, an attempt at using the
rate of tumor volume regression to guide these durations,
and the use of intensive therapy after the achievement of
CR. This is in marked contrast with a temporarily fixed,
relatively low-dose “maintenance” approach to chemo-
therapy after remission is achieved. ProMACE-MOPP is
obviously a treatment plan that could be analyzed from a
modeling viewpoint. Several clinical outcomes would be
of particular interest in this regard. For example, the
relative duration of CR as a function of time to achieve-
ment of CR could relate to the relative proportions of
ProMACE- and MOPP-sensitive subpopulations within
the tumor. Also, the responsiveness of tumors to
ProMACE or MOPP at relapse would be useful in assess-
ing the determinants of failure, in particular the relative
contributions of biochemical versus kinetic resistance.
The M.D. Anderson program for aggressive lym-
phomas was not as flexible as ProMACE-MOPP, but it
did employ a cross-over as well as a new-agent intensifi-
cation (38). Patients received three cycles of cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(CHOP). Those who attained CR received additional cy-
cles, then crossed-over to a regimen which substituted
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. cytarabine (ARA-C) and bleomycin for cyclophosphamide

. and doxorubicin. Patients not in CR after 3 months of
. CHOP also switched to the new regimen, but continued
. their doxorubicin as well. Late intensification for pa-
. tients attaining CR by this route was a combination of
' ifosfamide, methotrexate, and etoposide. The total CR
- rate on this program was at least 80%, about 80% of
. these on the initial CHOP. The relapse rate of 4.5 years
i was < 22%. While not as flexible as ProMACE-MOPP,
i the use of a fixed time-point for assessment of. response
. may make plans of this type more feasible in a multi-
| institutional setting. In future studies, carefully chosen
i control limbs would be needed to assess the relative con-
v tributions of new-agent intensification, duration of ther-
| apy, or the specific drugs employed.

. In the therapy of acute myelogenous leukemia, two
'~ forms of postremission treatment may prove interpreta-
. ble as cross-over intensifications. One of these is the use

¢ of ARA-C, alone or with other agents, in one to three

high-dose pulses after initial remission induction. This
plan is in lieu of low-dose maintenance chemotherapy.

Several uncontrolled trials have applied such treatment

. with encouraging results (39-42). As would be predicted,

. long delays between the end of induction and postremis-

.~ sion intensification have proven detrimental (43-45). An

. ongoing CALGB study is evaluating the feasibility of in-

tensive ARA-C administration after an ARA-C plus

- anthracycline induction.

A second form of postremission treatment that has

. been discussed as a late intensification is the use of mar-

. row-ablative chemotherapy, sometimes with ionizing

radiation, followed by transplantation of healthy mar-

. row, usually from a HLA-matched sibling. These nonran-

. domized trials are difficult to interpret (46), and factors

. other than cell kill, such as graft-versus-leukemia, may be
| therapeutic (47). Nevertheless, initial results with mar-

| row-ablative intensification are promising: when com-

pared with chemotherapy-only controls, the relapse-free

. advantage ranges from 29% to 55% (48-50).

. Patients with high-risk acute lymphoblastic leukemia

| may benefit as much from brief, high-dose postremission

. chemotherapy as from a more prolonged but less inten-

' sive approach (51). In general, the best results are seen in

| programs employing intensive therapy after remission

' (52). These observations require evaluation in prospec-

tive controlled trials. A modeling analysis may be rele-

‘vant to a current CALGB trial, exploring an anthracy-

' cline intensification after standard induction.

Also of interest is a CALGB trial, recently closed to

‘new patient accrual, in the postsurgical adjuvant chemo-

| therapy of stage II breast cancer. After 8 months of

‘treatment with cyclophosphamide, methotrexate, 5-FU,

vincristine, and prednisone (CMFVP), patients are ran-

‘domized to continue for another 6 months or switch to

‘another doxorubicin-containing combination. This trial

‘does not maximize the dose level of the second combina-
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tion. Other cross-over trials have been accomplished, but
randomized controls are lacking. For example, a complex
study in Milan used CMFP postmastectomy at 50% of a
“standard” dose level, with escalation over 6 months to
triple the initial doses. All patients were then crossed-
over to a doxorubicin combination with a similar reduc-
tion-escalation scheme. Controls were also crossed-over,
but received standard dose levels of chemotherapy
throughout (53). No advantage of the reduction-escala-
tion plan was found, but both arms appeared superior to
historical experience with non-cross-over programs (54).
It is, in fact, remarkable that a 50% reduction in dose
from a standard level of chemotherapy can be salvaged
by 150% of this standard dose later in the regimen. Both
the CALGB and Milan programs demonstrate the feasi-
bility of cross-over designs in the management of early-
stage breast cancer and provide background for future
studies of cross-over with intensification.

Like Hodgkin’s disease, small-cell lung cancer has a
high response rate. This disease relapses, however, with
great frequency. Aggressive dose levels of therapy are
associated with the best clinical results (55), but merely
increasing the intensity of induction may not be associat-
ed with further improvements (56,57). However, postre-
mission intensification has been associated with some
benefit (58). This is in distinction to programs employing
strict alternation of different regimens, which have not
proven successful (59,60). A small benefit in extensive-
stage patients has recently been reported from a chemo-
radiotherapy induction followed by a cross-over to an al-
ternating program without intensification (61). Other
cross-over designs are in progress. These include a
CALGB study which uses induction chemotherapy and
cranial radiation with or without regional radiation. All
patients then cross-over to doxorubicin in combination
with some of the original agents. As in leukemia, postre-
mission marrow-ablation trials are also in progress (62).

Several completed trials in the therapy of advanced
ovarian carcinomas are of interest. Two effective com-
binations, HAC (hexamethylmelamine, doxorubicin, and
cisplatin) and Hexa-CAF (hexamethylmelamine, cyclo-
phosphamide, methotrexate, and 5-FU), are not more ef-
fective when combined in strict alternation (63-65).
However, HAC followed by three monthly pulses of mod-
erately high-dose cyclophosphamide may be promising
(66). This plan is clearly a cross-over intensification. Also
meaningful in this regard is a plan that uses cyclophos-
phamide, doxorubicin, and cisplatin initially, but discon-
tinues the cisplatin while escalating the dose levels of the
other agents after eight cycles (67). The program is com-
pleted with several pulses of escalated cyclophospha-
mide. This design is therefore similar to the ARA-C in-
tensifications in leukemia, in that a component of the in-
duction regimen is given in higher doses as the tumor vol-
ume regresses.
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DISCUSSION

This review illustrates that the concept of intensifica-
tion is clinically feasible, and possibly efficacious. It
should be clear that biochemical and kinetic resistance
are related topics and that both may be important in
hampering our ability to cure cancer. Attention to one by
the exclusion of the other may be a serious mistake. It is
also clear that few clinical studies have specifically ad-
dressed these issues with a randomized, prospective eval-
uation of alternate schemes of dose and regimen schedul-
ing. Such experiments are clearly needed to advance our
knowledge of the complex biology thwarting our thera-
peutic intentions. Single-arm studies, no matter how
seemingly effective (and several employing intensifica-
tion have indeed seemed effective), cannot provide satis-
factory information. It is critical in all of our investiga-
tions to retain the concept that a model cannot rise or fall
on a single “yes/no” experimental result. This applies not
only to the Norton-Simon hypothesis, but all models, the
Skipper-Schabel formulation, and the application by
Goldie and Coldman of classic mutation theory (68,69)
applied to neoplasia (70). We must always examine the
appropriateness of the clinical setting and the interpreta-
bility of clinical results in terms of the underlying biol-
ogy. The complexity of clinical oncology indicates that
the usefulness of a model cannot be judged based on a sin-
gle result in a single disease.

This brief review has described the clinical enigma that
a decade ago motivated an extension of the Skipper-
Schabel model to problems of nonexponential growth.
The models are described and the concept of intensifica-
tion, derived from the models, is presented with clinical
illustrations. An enigma to be solved over the next dec-
ade is how to properly evaluate these ideas and other
ideas derived from this type of mathematical modeling.
The solution of this new enigma may be a real step
toward improving the application of our growing anti-
cancer pharmacopoeia.
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