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breast cancer. Timelines are presented to indicate the amazing
evolution of clinical trials and the discoveries of a number of
antineoplastic and targeted agents through the last several
decades.
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therapy for CML, Hodgkin disease, breast cancer, and lung
cancer.
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Development of Combination
Chemotherapy Regimens for
Hodgkin Disease

George Canellos, MD
Hodgkin lymphoma was not the ﬁrst cancer discovered,
but it was the ﬁrst in which treatments were investigated
that were ultimately successful. Prior to the development
of combination chemotherapy, Hodgkin disease had a
poor prognosis for long-term survival although a number
of potent single agents were being used. Complete
remission from this form of malignant lymphoma ranged
from less than 5% with prednisone or carmustine therapy
to 27% with vinblastine. Using the precedent that was
being set in the treatment of childhood lymphoblastic
leukemia, single agents were sequentially combined
with encouraging results. Some of the more important
researchers pursuing these ideas at that time were
Tom Frei (Emil Frei, III), J. Freireich (Emil J. Freireich),
Vincent DeVita, and John Moxley, III. The ﬁrst combination
treatment regimen for lymphoma came about in
1963 when MOMP (cyclophosphamide, vincristine,
methotrexate, and prednisone) therapy was introduced.1
Treatment with MOMP produced a response rate of 50% to
60%, which was quite exciting.

vincristine; M, methotrexate; P, prednisone. MOPP – M, nitrogen
mustard; O, vincristine; P, procarbazine; P, prednisone. Adapted
with permission from DeVita VT. The consequences of the
chemotherapy of Hodgkin’s disease: the 10th David A. Karnofsky
Memorial Lecture. Cancer. 1981;47:1-13. Copyright © 1981 John
Wiley & Sons, Inc.

A short while later, in 1964, the MOPP regimen (nitrogen
mustard, vincristine, procarbazine, and prednisone) was
developed after procarbazine became available. This
program entailed 2 weeks of therapy and 2 weeks of
rest for 6 cycles. From 1964 through 1975 the complete
remission rate was very high, ranging from 76% to 100%
depending on the stage of disease when treatment was
started. This was very encouraging, but at the time there
was disagreement among hematologists. Many thought
that MOPP was too much chemotherapy and would be
associated with toxicity.
The unique features of MOPP are that each drug is useful,
full doses are used, cyclical administration gives the bone
marrow a chance to recover, a ﬁxed sliding dose scale
and schedule modiﬁcations could be used as needed,
and the duration of therapy is quite long. The next drug
we studied was carmustine or BCNU and, basically, we
found that after complete remission with MOPP either
intermittent MOPP or intermittent carmustine could be
helpful, but that maintenance therapy after remission
was not necessary.2 Remission was judged by the amount
of decrease in lymph node size, but the bottom line was
really measured by patient follow up.
One of the major problems with MOPP is the negative
effect it has on reproductive tissues. Sperm counts
drop precipitously in male patients and after only one or
two cycles they are considered sterile. We called them
“Sertoli only” because that’s all that was left. With the
germinal epithelium absent, there were increased levels
of follicle-stimulating hormonr (FSH) in these patients. In
women, amenorrhea is very common with MOPP therapy,
especially in women over 25 years of age.

Figure 1. Schematic representation of inﬂux of new drugs
effective against Hodgkin disease into clinical use over
time.1 MOMP – M, mustard like drug (cyclophosphamide); O,
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Another disadvantage of the MOPP regimen is an increase
in the incidence leukemia-related complications, which
peaks 6 years after the start
of treatment.3

Figure 2. Risk function for the development of a leukemiarelated event in all patients regardless of type of treatment.3
The natural log transformation of the risk equation an the
two-sided P value for the nonlinear term are shown. Reprinted
with permission from Blayney DW, Longo DL, Young RC, et al.
Decreasing risk of leukemia with prolonged follow-up after
chemotherapy and radiotherapy for Hodgkin’s disease. N Engl
J Med. 1987;316:710-714. Copyright © 1987 Massachusetts
Medical Society. All rights reserved.

Almost all of the patients suffering with post-MOPP
leukemia were found to have alkylating-agent–induced
cytogenic abnormalities in chromosomes 5, 7, or both.4
Investigation into the therapy that preceded post-MOPP
leukemia revealed that patients who failed radiotherapy
and were subsequently treated with the MOPP regimen
were 18 times more likely to develop secondary
malignancy (mostly leukemia) than expected.1

Table 1. Hodgkin disease: risk of second malignancy by type of
treatment.1 TNI indicates total nodal irradiation; EF, extended
ﬁeld radiation; RRX MOPP, group of patients treated with
MOPP after relapse from radiotherapy; MOPP RRX, the
reverse sequence. Reprinted with permission from Devita
VT. The consequences of the chemotherapy of Hodgkin’s
disease: the 10th David A. Karnofsky Memorial Lecture. Cancer.
1981;47:1-13. Copyright © 1981 John Wiley & Sons, Inc.

The British developed MVPP (nitrogen mustard,
vinblastine, procarbazine, prednisone), a minor
modiﬁcation of MOPP, with no therapy from day 14 to day
44, at which point the cycle recurs. An improved MOPP
modiﬁcation, ChlVPP has oral chlorambucil substituted
for intravenous nitrogen mustard. There have been
many clinical trials comparing these chemotherapeutic
regimens and there is little difference in efﬁcacy.
Certainly ChlVPP is much more tolerable because the
combination avoids the use of nitrogen mustard.
Subsequently, the era of nonalkylating agent
chemotherapy, pioneered by the Milan group with
the ABVD (doxorubicin, bleomycin, vinblastine, and
dacarbazine) regimen,5 was found to be void of the
reproductive and leukemic side effects of MOPP. After
Tom Frei became chairman of the Cancer and Leukemia
Group B (CALGB) in 1982, I was asked to design a
comparative trial. The trial was designed for patients
with stage III and IV disease with a crossover built in
between MOPP and ABVD, but without radiotherapy.
The results, published in the New England Journal of
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Medicine, indicated that MOPP was inferior.6 But the
fact that we were at the National Cancer Institute (NCI)
probably inﬂuenced the results because the patients
were younger and the toxicity protocol at NCI resulted
in modiﬁcation of the nitrogen mustard dose, which, I
think, compromised the MOPP results. I have actually
just ﬁnished the 20-year follow up report and the overall
survival is about the same between the two groups.
This trial introduced ABVD as a regimen that could
be given to patients with low risk disease. 6 Initially,
the reason ABVD was developed was to try to improve
efﬁcacy over that of MOPP, but when the efﬁcacy turned
out to be essentially the same, then the safety issue,
the lack of sterilization and secondary malignancy side
effects, became a major issue. Today we realize that with
ABVD there will be less myelotoxicity, less sterilization,
and minimal leukemogenesis compared with MOPP or
MOPP hybrids. Still, 35% of the patients in stage III/IV
will relapse. Since 1990 there has been a veritable
alphabet soup of regimens touted, and that research is
ongoing and beyond the scope of this discussion.
The MOPP experience provided the impetus for
two important events. First, we showed that adult
malignancy could be chemotherapeutically treated
into complete remission. Second, this fact was
instrumental in the approval by the American Board of
Internal Medicine of medical oncology as a bona ﬁde
subspecialty. Those developments paved the way for
further development of medical oncology and the use of
combination chemotherapy for other cancers.
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Curative Therapy for Advanced
Nonseminoumatous Germ Cell Tumors

Craig R. Nichols, MD
Barnett Rosenburg was not a physician, but was a
biologist at Michigan State. He has had an enormous
durable contribution to oncology as he was the ﬁrst
person to consider that cisplatin might be an important
agent in the management of malignancies. We are
quite fortunate that Dr Rosenburg was blessed with a
serendipitous turn of events and a persistent personality.
He was studying the effect of electromagnetic ﬁelds on
cell division in 1965. He noticed that Escherichia coli cells
exposed to electrical current generated with a platinum
cathode elongated, but did not divide.1 The effect was
reproducible and reversible. The use of other cathode
metals did not cause the effect, prompting Rosenburg to
hypothesize that elemental platinum was coming off of
the electrode and disrupting cell division mechanisms.2
He subsequently identiﬁed cisplatin and even suggested
that it should be studied as an antineoplastic agent.
Remarkably, this is how the drug we use today originated.
Subsequently, phase I studies were performed.3 In
today’s regulatory environment I doubt it would have
been developed as an oncolytic because this drug was
extraordinarily toxic causing nausea, vomiting, renal
failure, and neurotoxicity. In yet another instance of
serendipity, there were a few young men with germ cell
tumors that happened to be in the trial, and some of
them went into complete remission.
With that background, my friend and mentor, Dr
Larry Einhorn at Indiana University began including
cisplatin as a component of combination chemotherapy
with vinblastine and bleomycin (VB), which were
being used with marginal success. The VB regimen
resulted in 10% to 20% complete remission (CR) for
patients with metastatic testicular cancer. Einhorn
and Dr John Donahue used the cisplatin + vinblastine
+ bleomycin (PVB) regimen in a study of 47 patients
with disseminated testicular cancer.4 The regimen
used the 3-drug combination for remission induction
followed by vinblastine for maintenance for a total of

2 years of therapy in an attempt to achieve total cell
kill, as was the tradition at that time, keeping in step
with the maintenance chemotherapy regimen used in
childhood acute lymphoblastic leukemia.5 The results
were dramatic with 70% (33/47) CR with chemotherapy
alone. Five additional patients obtained CR after surgical
excision of residual, much shrunken, tumor. Side effects
included nausea, vomiting, and myelosuppressioninduced infections.4
Further studies performed at Indiana University from
1976 to 1978 revealed that the vinblastine dose could
be reduced (from 0.4 mg/kg to 0.3 mg/kg) without
decreasing efﬁcacy.6 More signiﬁcantly, studies
performed from 1978 to 1981 challenged one of the
basic tenets of oncology, that maintenance therapy
was necessary to prevent relapse. The results of the
randomized trial using induction chemotherapy with
4 cycles of PVB with or without 2 years of vinblastine
maintenance revealed no difference.7 Both groups
had a relapse rate of 5%, as reported in the New
England Journal of Medicine, thus 4 courses of PVB
(0.3 mg/kg) without maintenance became standard
therapeutic protocol. The next step, again investigated
by randomized clinical trials, was the study of etoposide
as a substitute for vinblastine.8 The results of the trial
revealed cisplatin + etoposide + bleomycin (BEP) was
equivalent to PVB or slightly more efﬁcacious with
diminished neuromuscular toxicity. Therefore, 4 cycles of
BEP became the new standard of care.
Then we began to look at these patients differently. We
realized there was a large group of patients who had low
volume disease and low markers, and these patients
were almost invariably (>90%) cured (“good-prognosis”
group). There was a smaller group of patients with large
volume disease, mediastinal germ cell tumors, and high
markers for which the cure rate was only about 50%
(“poor-prognosis” group). We started investigating these
patients differently, asking if we could cure the low-risk
patients with lesser toxicity. On the other hand, rather
than manage toxicity in the high-risk patients, we sought
to ﬁnd out if additional doses or increased therapies
could increase the cure rate. So at that point, trials
focusing on either good-prognosis or poor-prognosis
groups came about. 9,10
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Trials in the good-prognosis group revealed that 3 cycles
of BEP had the same efﬁcacy as 4 cycles.9 We also found
that dropping bleomycin from the regimen was not
acceptable even if 4 cycles of therapy were instituted,
and that substituting carboplatin for cisplatin was not
effective.10 Thus, 3 cycles of BEP remains the standard
for good-prognosis patients with disseminated germ cell
tumors with 90% cure after 9 weeks of therapy.

3. Higby DJ, Wallace HJ Jr, Albert DJ, Holland JF.
Diaminodichloroplatinum: a phase I study showing
responses in testicular and other tumors. Cancer.
1974;33:1219-1215.
4. Einhorn LH, Donohue J. Cis-diamminedichloroplatinum,
vinblastine, and bleomycin combination chemotherapy
in disseminated testicular cancer. Ann Intern Med.
1977;87:293-298.
5. Einhorn LH. Curing metastatic testicular cancer. Proc Natl
Acad Sci U S A. 2002;99:4592-4595.

Trials in the poor-prognosis group investigated doubling
the cisplatin dose11,12 and substituting ifosfamide for
bleomycin13 and revealed increased toxicity without
additional therapeutic beneﬁt. A recently published trial
compared 4 cycles of BEP with 2 cycles of BEP plus 2
very high dose cycles requiring stem cell transplant, but
we were unable to improve the beneﬁt in the high-risk
subset group.14

6. Einhorn LH, Williams SD. Chemotherapy in disseminated
testicular cancer. West J Med. 1979;131:1-3.

So this short review highlights how, via successful use of
randomized clinical trials, we got the effective therapies
that we have available today. At the present time we
have no burning therapeutic questions to answer, no
new drugs or concepts for the untreated patient, no new
ideas to test via clinical trials. If you are old enough to
remember, you can take a stroll with me down Memory
Lane, and recall that prior to effective chemotherapy
we had to do radical surgeries for patients with stage
III disease, and we had to do radical radiation therapy
for patients with seminoma. Now we have a good
chemotherapy safety net and can offer very nontoxic
approaches to those with early Stage I disease, such
as surveillance in both clinical stage I seminoma and
nonseminoma, along with limited radiation therapies,
and limited surgeries, It has been an incredible era
to live through and we have giants in oncology like
Larry Einhorn and Barnett Rosenberg to thank for the
chemotherapeutics we have available today.

9. Culine S, Theodore C, Terrier-Lacombe MJ, Droz JP. Are
3 cycles of bleomycin, etoposide and cisplatin or 4 cycles
of etoposide and cisplatin equivalent optimal regimens
for patients with good risk metastatic germ cell tumors
of the testis? The need for a randomized trial. J Urol.
1997;157:855-858; discussion 858-859.
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Changing the Paradigm in Breast
Cancer: Postoperative Adjuvant
Chemotherapy

yourself with such a low number of subjects. Another
common problem with clinical trials of that era was
selecting suboptimal chemotherapeutic agents to test.

Clifford A. Hudis, MD

Next, let’s look at the development of adjuvant
combination chemotherapy. Now there were many
inventors of the cyclophosphamide + methotrexate +
ﬂuorouracil (CMF) regimen, but the Milan group study of
CMF versus no treatment in node-positive breast cancer
patients was a true landmark with more than 2 decades
of follow-up.2 The treatment in this trial was 12 cycles of
CMF consisting of oral cyclophosphamide (100 mg/m2)
from day 1 through day 14 and intravenous methotrexate
(40 mg/m2) and ﬂuorouracil (600 mg/m2)on days 1 and 8,
followed by 2 weeks rest, and then the cycle recurred.
There was statistically signiﬁcant improvement in both
disease-free status and overall survival that is worth
emphasizing. Also they showed that 6 months of CMF
was equivalent to 12 months, which helped put a realistic
time limit on the duration of chemotherapy.

It is a pleasure to talk about this topic that stretches over
several decades and has inﬂuenced the lives of several
million people, if not more. Since this program is about
chemotherapy, adjuvant hormone therapy, although very
important, will be discussed peripherally, if at all.
First, I am going to focus on the establishment of
standard chemotherapeutic regimens. I will also cover
the so called “taxane wars”, which have consumed a
good bit of the last decade, and discuss why biology
matters. Finally, I’ll talk about the new (not old) targeted
agents, the monoclonal antibodies that will, of course,
inﬂuence our approach in the future.
An early randomized adjuvant chemotherapy trial that
served as a real launch pad was the National Surgical
Adjuvant Breast and Bowel Project (NSABP) Protocol
B-05 study.1 This study was characteristic of the brave
thinking at the time in that it: 1) pitted chemotherapy
with a single agent, L-phenylalanine mustard (L-PAM),
against placebo; and 2) did so using postoperative, NED
(no evidence of disease), patients. Some may remember
that at the time this idea of subjecting apparently healthy
patients to a toxic therapy was an anathema. They
randomized a very modest number of patients, just
380, yet the results (10 years later) demonstrated
a signiﬁcant improvement in both disease-free status
and overall survival, which improved by 8% and
5%, respectively.
Although this trial was very successful in supporting the
developing concept that postoperative chemotherapy
could be useful, it also points out an all-or-nothing trialdesign ﬂaw typical of that era. With these small numbers
you might have a home run with results, like this trial
had. Conversely, you might miss effects that could be
very important from a public health standpoint, but that
fell below the high statistical-signiﬁcance bar you set for

There were some pretty dramatic changes in the 1980s.
In 1985 Richard Peto organized the ﬁrst true metaanalysis, not just pooled analysis of published data. In
contrast, Peto required that the raw data be brought to
Oxford. He was looking for evidence of small differences
in treatments that would be important from a public
health standpoint. It was easy, at that time, to ﬁnd trials
with conﬂicting results and Peto said that the data
from these trials could be put together, if the design
was similar enough, and that better estimates could
be made about the real beneﬁt, or lack thereof, than by
looking at just the individual trial results. Just because
of random chance the smaller individual trials were
prone to overstating or understating the true impact of
therapy. The resultant paper, published in 1988, provided
meta-analysis of 28 tamoxifen trials (16,513 women) and
40 chemotherapy trials (13,442 women), which revealed,
among other things, that tamoxifen was effective
only in women aged over 50 years, that combination
chemotherapy was more effective than single-agent
chemotherapy, and that there was no survival advantage
to be gained by administration of chemotherapy for 8 to
24 months versus 4 to 6 months.3
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Also in the late 1980s, 4 clinical trials (3 chemotherapy,
1 tamoxifen) evaluating adjuvant therapy in nodenegative breast cancer were reported to the National
Cancer Institute (NCI).4-7 Up until that time, adjuvant
chemotherapy was routinely recommended for nodepositive, ER-negative breast cancer, based on the
consensus conference from the NIH. In 1990, the
NIH Consensus Development Panel stated we should
consider adjuvant therapy for patients with nodenegative tumors greater than 1 cm in maximal diameter.8
Adjuvant chemotherapy regimens have been largely
developed along empirical lines. Some of the more
popular ones are listed in Table 1. Of the many variations
of the CMF regimen, it is unclear that any one version
offers an advantage over another. It is clear, though,
that oral CMF provides better efﬁcacy than intravenous
CMF for patients with stage IV disease. Consider this;
for AC, which is the universal favorite in North America,
there has never been a study that demonstrated it was
better than CMF. It seems the whole world is convinced
that AC is better, but there is no randomized clinical
trial in support of that conviction. There are also some
popular sequential regimens, but again, these are based
on practical experience and have no scientiﬁc evidence,
which is kind of embarrassing in this era. These drugs
come along and we pile them onto an existing regimen
or replace one drug with another. Some of the adjuvant
therapies have been based on mathematical models
Richard Simon and Larry Norton worked on at NCI
decades ago.9 One of the issues they addressed is
that tumors grow at a diminishing rate, relying on a
Gompertzian growth pattern. In other words, as the
tumor gets larger its rate of growth decreases. Also, if
you accept the log-kill model of Skipper and Schabel10,11
then it makes sense that therapy applied later, on a
fractional cell-kill basis, is not going to get as close to a
cure as the same therapy applied earlier, such as in the
adjuvant setting.
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Table 1. Widely used adjuvant chemotherapy regimens.
Courtesy of Clifford A. Hudis, MD.

Theoretically, there should be an improvement in
efﬁcacy if the time between treatments is shortened
when dose size is maintained as a constant. This theory,
that more frequent, or dense, dosing is superior, makes
sense because using dose dense therapy: 1) decreases
the time for tumor regrowth, 2) allows for treatment
with a smaller volume, and 3) results in a greater
overall cell-kill as indicated in Figure 1. This theory
was inadvertently tested when Bonadonna and the rest
of the Milan group set out to test the Goldie-Coleman
hypothesis by comparing sequential doxorubicin (DOX)
and CMF with alternating DOX and CMF.12 As indicated
in Figure 2, the 10-year relapse-free survival rate for
the alternating group was 28% versus 42 % for the
sequential (increased dose density) group.

for doses of cyclophosphamide above 600 mg/m2. So
although dose escalation was not promising, the dose
density results led to modern chemotherapy trials, which
are often sequential in design. When paclitaxel came
along, we grafted it onto an existing design in the CALGB
where a low, intermediate, or high dose DOX was being
tested. In another example, the taxane data in stage
IV disease became available while we were running an
anthracycline dose escalation trial and so we grafted
paclitaxel onto that trial.

Figure 1. Increased reduction in tumor size with dense dosing.
Courtesy of Clifford A. Hudis, MD.

Additionally, although CALGB 9344 DOX dose escalation
didn’t help, sequentially adding paclitaxel did.13 The
advantage of sequentially adding paclitaxel was echoed
in NSABP B-28.16 One other point about the Henderson
study13 is that it was unusually large. They had over 3,000
patients and this was a direct lesson of Peto’s Oxford
overview analysis mentioned earlier,3 that it takes big
randomized trials to ﬁnd small, but clinically important
differences.
There are many ways to give taxane. The Breast Cancer
International Research Group Study 001 (BCIRG 001)17
provided a head to head comparison between TAC
(docetaxel + doxorubicin + cyclophosphamide) and
FAC (ﬂuorouracil + doxorubicin + cyclophosphamide).
Docetaxel was given at 75 mg/m2 to the TAC group, 5ﬂuorouracil was given at 500 mg/m2 to the FAC group
and both groups were given DOX at 50 mg/m2 and
cyclophosphamide at 500 mg/m2. This study established
that the chemotherapy cycle with docetaxel was superior
to that with ﬂuorouracil.

Figure 2. Sequential or alternating treatment: 10-year diseasefree survival.12
DOX indicates doxorubicin; CMF, cyclophosphamide,
methotrexate, ﬂuorouracil.
Courtesy of Clifford A. Hudis, MD.

Although simple human nature led us to think that
higher doses and longer treatment regimens would
result in higher survival rates, beyond a certain point
dose escalation did not do so. As an example, DOX
dose escalation above 60 mg/m2 in CALGB 9344 yielded
nothing.13 Similar NSABP ﬁndings14,15 were demonstrated

This brings us to an interesting, but negative, factorial
design study that, although not yet published, was
reported by the Eastern Cooperative Oncology Group
(ECOG) last year at the San Antonio Breast Cancer
Symposium.18 Joe Sparano was the principal investigator
of this trial (ECOG 1199) of AC plus a taxane, paclitaxel
versus docetaxel, (paclitaxel 175 mg/m2 q 3 wk x 4 or 80
mg/m2 weekly x 12; docetaxel 100 mg/m2 q 3 wk x 4 or
35 mg/m2 weekly x 12), and as written and analyzed, it is
negative. People talk about subsets and ER-positives and
negatives, and so forth, but you have to live with the way
you design your study. If your goal was to demonstrate
that there is a difference between the taxanes, then

13

Milestones in Oncology:
Events that Changed the Course of Cancer Therapy and Implications for the Future

this study did not do it. It also did not demonstrate a
difference for schedule, so that is worth highlighting
as well.
In contrast, CALGB 9741 was a cleanly designed study
that provided us with some good information that can
be applied clinically.19 What made this study clean?
Every woman on the study got four doses of 3 drugs of
the same exact dose. There was no variability. The only
thing that mattered was whether they got concurrent AC
or sequential AC and whether they got q 3 wk therapy
or q 2 wk. As you know, the q 2 wk arm has remained
superior to q 3 wk after six and a half years of followup. Furthermore, sequential chemotherapy was as
effective as concurrent chemotherapy. Most clinicians
prefer concurrent therapy, in order to shorten the
treatment duration. So, the results of this study not
only demonstrate that dose densities are an important
approach to establish chemotherapeutics, but also that
you have some ﬂexibility in terms of how you administer
the drugs.
The modern era of chemotherapeutics is clearly
colored by biologics. When I reviewed the 4 pivotal
adjuvant therapy trials testing the monoclonal antibody,
trastuzumab, for efﬁcacy in HER2-positive breast cancer
patients,20-23 I found that regardless of what regimen
trastuzumab was added to, the risk of recurrence was
lowered by 50%. This raises the question of whether
the chemotherapy backbone, over which we have
labored so much, matters anymore. It may well be that
once you give trastuzumab, you are leveling a playing
ﬁeld, and it does not matter if you do or do not give the
anthracycline, if you do or do not give the taxane, and so
forth. All this is yet to be worked out and is important
from a toxicity point of view, but these trials clearly show
that the trastuzumab is making an essential difference.
The effect of ER status on chemotherapeutic prognosis
came into question during review of the results gathered
in CALGB studies 8541, 9344 (Intergroup 0148), and
9741 (Intergroup C9741).24 Don Berry got into several
unplanned retrospective subset analyses and the data
suggested that ER status was an important predictor
of chemotherapy beneﬁt. He noted that beneﬁt from
taxane and dose density was greater in ER-negative
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women. However, here is the critical caveat: we did no
centralized ER testing and in our ﬁrst study we did not
even know the ER status of all the patients. Additionally,
keep in mind that ER-positive status is open to
discussion, because regardless of 5% stain or 95% stain,
both are classiﬁed as positive and lumped together.
Nevertheless, that was the hypothesis generating point
that we pursued, and what we found was that ERpositive women displayed about half the beneﬁt from
chemotherapy as that found in ER-negative women, in
terms of recurrence and death. The theory we proposed
to explain this phenomenon involves the natural history
of breast cancer and the fact that ER-negative breast
cancer has an earlier relapse peak. There may also be
a biological basis to explain the differential beneﬁt that
ER-positive and ER-negative women get
from chemotherapy.
The next step in determining who will beneﬁt from
chemotherapy involves gene testing. There is a 21 multigene quantitative PCR assay to determine the recurrence
score (RS) for a patient.25 The genes they test for are
shown in Figure 3.25-28 They are able to identify low-risk
or high-risk patients in terms of prognosis and they were
also able, based on NSABP B-20, to predict who beneﬁts
from chemotherapy. This undermines the argument that
ER status is all determining in terms of chemotherapy
beneﬁt because what this test indicates is that subsets
of patients with ER-positive breast cancer beneﬁt. So you
have to be a little cautious about the “one size ﬁts all”
interpretation. At the same time, Dan Hayes did this in
CALGB 9344 last year looking at HER2 status and it turns
out regardless of ER status, the HER2-positive women
beneﬁted from paclitaxel.29 So, again, you have to be very
careful and not jump to unfounded conclusions.

All that said, what this is really allowing us to do, in
the lowest risk cohort of patients, is identify maybe
those who should or should not get chemotherapy and
tailor therapy more precisely. This is process is being
investigated by Joe Sparano as demonstrated by the
protocol of the TAILORRx study of ER-positive breast
cancer patients. In this study the lowest-risk, low-RS
patients are treated with hormone therapy only; high
risk, high-RS patients are treated with hormone therapy
and chemotherapy. The middle of the road patients are
randomized and some get hormone therapy only and
others get both hormone therapy and chemotherapy.
This study is set up to answer the question, “Is it
safe to drop chemotherapy in patients with an
intermediate score?”
Figure 3. Panel of 21 Genes and the Recurrence-Score Algorithm.25
The recurrence score on a scale from 0 to 100 is derived from
the reference- normalized expression measurements in four
steps. First, expression for each gene is normalized relative to the
expression of the ﬁve reference genes (ACTB [the gene encoding
β-actin], GAPDH, GUS, RPLPO, and TFRC). Reference-normalized
expression measurements range from 0 to 15, with a 1-unit
increase reﬂecting approximately a doubling of RNA. Genes are
grouped on the basis of function, correlated expression, or both.
Second, the GRB7, ER, proliferation, and invasion group scores
are calculated from individual gene-expression measurements,
as follows: GRB7 group score = 0.9 x GRB7 + 0.1 x HER2 (if the
result is less than 8, then the GRB7 group score is considered
8); ER group score = (0.8 x ER + 1.2 x PGR + BCL2 + SCUBE2) ÷ 4;
proliferation group score = (Survivin + KI67 + MYBL2 + CCNB1 [the
gene encoding cyclin B1] + STK15) ÷ 5 (if the result is less than 6.5,
then the proliferation group score is considered 6.5); and invasion
group score = (CTSL2 [the gene encoding cathepsin L2] + MMP11
[the gene encoding stromolysin 3]) ÷ 2. The unscaled recurrence
score (RSU) is calculated with the use of coefﬁcients that are
predeﬁned on the basis of regression analysis of gene expression
and recurrence in the three training studies 26-28: RSU = +0.47 x GRB7
group score −0.34 x ER group score +1.04 x proliferation group
score +0.10 x invasion group score +0.05 x CD68 −0.08 x GSTM1
−0.07 x BAG1. A plus sign indicates that increased expression is
associated with an increased risk of recurrence, and a minus sign
indicates that increased expression is associated with a decreased
risk of recurrence. Fourth, the recurrence score (RS) is rescaled
from the unscaled recurrence score, as follows: RS = 0 if RSU<0; RS
= 20 x (RSU−6.7) if 0 < RSU <100; and RS = 100 if RSU>100. Reprinted
with permission from Paik S, Shak S, Tang G, et al. A multigene
assay to predict recurrence of tamoxifen-treated, node-negative
breast cancer. N Engl J Med. 2004;351:2817-2826. Copyright © 2004
Massachusetts Medical Society. All rights reserved.

It is important to point out that breast cancer death rates
have been falling. There are obviously many reasons
for this including improved mammography and tumor
detection at earlier stages, improved chemotherapy,
improved surgical techniques, and, of course, hormone
therapy. Although this talk focused on chemotherapy,
systemic tamoxifen use, around the world, may be
responsible for more lives saved than almost any
other intervention. That said, tailoring chemotherapy
to the individual helps. Canadian provincial studies of
implementation of guideline-based use of chemotherapy
indicate an association with falling mortality over time.
So what we are doing is having a very real effect. We
anticipate that this effect will continue to increase
over time.
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proposed that EGFR could be a chemotherapeutic -target
and in the late 1970s and 1980s he was involved in many
preclinical studies in which his lab developed monoclonal
antibodies (mAbs 225 and 528) against the receptor.
Mendelsohn, Baselga, and others were heavily involved in
early clinical studies showing that the antibody, cetuximab,
was active
and useful. (See ﬁgure 1]

Discovery Of The Epidermal Growth
Factor Receptor And Its Therapeutic
Implications

Roy Herbst, MD, PhD
The focus of this discussion will be on the epidermal growth
factor receptor (EGFR) and its therapeutic implications,
especially in head and neck malignancy. EGFR is one of the
HER receptors and is also known as HER-1 or Erb-B1. The
principal ligand for this receptor is either epidermal growth
factor (EGF) or tissue growth factor alpha (TGFα) and there
are a number of important signal transaction pathways that
are activated by this ligand.1 This receptor has an external
transmembrane, an internal domain, and is present in all
cells. Although it tends to be more important in certain
epithelial tumors, many tumors are subject to regulation by
this pathway. “Which ones?” is the most important question
to ask. I’ll return to this topic at the end of this talk, but the
big questions in this ﬁeld now are, “What is the target?”
and, “Who are the patients most likely to beneﬁt from
inhibition of this receptor?”

In the 1990s the tyrosine kinase inhibitors (TKIs) were
investigated and the ﬁrst agent that went to trial was OSI774, known today as erlotinib. At about this time a drug
called geﬁtinib really took the lung cancer world by storm.
Clinical trials demonstrated that patients with lung cancer
that had been refractory to the taxanes and platinum were
responding to those single agent TKIs. The results led to
very quick approval in Japan, where studies demonstrated
an amazingly good response in a large group of patients.
Although the results were not as good in the United States,
it was approved here based on phase II data. That brings
us to 2004, where cetuximab was being studied in head,
neck, lung, and colorectal cancer, and geﬁtinib was being
studied in a multitude of tumor types, while erlotinib was
just emerging.

First though, for a historical overview of EGFR, we can turn
to a schema Jose Baselga and I put together for a review
of geﬁtinib (Figure 1). Stanley Cohen won the Noble Prize
in the 1960s for discovering EGFR while working with
mice corneas at Vanderbilt University. John Mendelsohn

We were involved with some of those early phase I studies
of geﬁtinib in patients with non-small cell lung cancer
(NSCLC) and other solid tumors in 2000.3 There were
actually 2 phase I studies being done, one in Europe and

Timeline | The discovery and development of gefitinib
Japan is the first country to
approve gefitinib for use in
patients with inoperable or
recurrent NSCLC

Gefitinib has a benign safety profile because it is used at
its optimal biological dose, unlike chemotherapy, which
is used at its maximum tolerated dose
Isolation of murine epidermal
growth factor (EGF) by
Cohen heralds era of
targeted cancer treatment

1960s

First anti-EGFR
monoclonal
antibodies
(mAbs)

1980s

EGFR proposed as
anticancer target by
Mendelsohn

1983

Discovery of new class of
EGFR tyrosine-kinase inhibitors
(TKIs) by Zeneca leads to
identification of gefitinib

1990s

First clinical trial of antiEGFR mAbs confirms
mode of action

1994

Gefitinib demonstrates
favourable tolerability in
Phase I clinical trials

1997

First clinical trials
of gefitinib confirm
mode of action

1998

EGFR-TK mutations
discovered; they might
identify patients that go
on to have marked
responses to gefitinib

Food and Drug
Administration approves
the first EGFR-TKI

Understanding more
about the molecular
mechanism of gefitinib

Gefitinib is the
first EGFR-TKI to
reach the clinic

2000

Phase II trials demonstrate
clinically meaningful activity of
gefitinib 250 mg/day in nonsmall-cell lung cancer (NSCLC)

2002

Gefitinib investigated in
combination with
chemotherapy in NSCLC

Phase III trials demonstrate no added
benefit of adding gefitinib to standard
first-line chemotherapy in NSCLC
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Gefitinib receives accelerated
approval for third-line use in patients
with advanced NSCLC who had
failed standard chemotherapies

2003

2004

Clinical experience with
EGFR-TKIs grows

Gefitinib is now approved in >30
countries for use in pretreated
NSCLC; more than 190,000 patients
have been treated worldwide

2004 and beyond:
building knowledge
to optimize the use
of gefitinib in cancer

Figure 1. The discovery and
development of geﬁtinib.2
Adapted from Herbst RS,
Fukuoka M, Baselga J.
Geﬁtinib–a novel targeted
approach to treating cancer.
Nat Rev Cancer. 2004;4:956965. Copyright © 2004 Nature
Publishing Group.
All rights reserved.

one in the US with continuous oral daily dosing. What we
found was that about 10% of highly symptomatic patients
who had failed to respond to numerous chemotherapies
had an amazing response, and another 30% of the
patients had stable disease. There were some mild
adverse effects, skin rash, and diarrhea. However, there
was no myelosuppression or alopecia and very little
neurotoxicity. Patients with certain characteristics (nonsmokers, women, people of Asian descent) and people with
bronchioalveolar carcinoma, had a better response. This
drug was a targeted therapy and clinical data suggested
that it worked better in patients with certain characteristics,
not yet molecular characteristics, but other clinical
characteristics. Yet this is where there was a disconnect
in critical thinking because the patients were not selected
based on EGFR expression. Granted, there were some
valid concerns expressed about how to stain for EGF with
immunohistochemistry and about obtaining and preserving
the tissue. But what happened was that tissue was obtained
in some, but not all of the studies. Drug development
then went forward into phase II studies without sufﬁcient
selection of patients, a process that critically ﬂawed the
pharmaceutical development of this agent.
The agent went through a phase III study with the Iressa
Survival in Lung Evaluation (ISEL) study.4 It was performed
outside the US since geﬁtinib was already approved
here. The geﬁtinib treatment was not associated with
a signiﬁcant improvement when used as a second- or
third-line treatment in about 1700 patients with refractory
NSCLC. About 800 of those patients had adenocarcinoma,
but even with those patients, where the drug does work
a little bit better, the results did not reach statistical
signiﬁcance. The study did show evidence of beneﬁt among
non-smokers and Asians, but at this time the drug is, for all
practical purposes, off the market in the US and rumor has
it that it will become harder and harder to get it, even for
National Cancer Institute (NCI) studies.
Frances Shepherd and her group studied another tyrosine
kinase EGFR inhibitor, erlotinib, for NCI of Canada.5 This
was studied as a second- or third-line therapy for patients
with NSCLC and achieved statistical signiﬁcance for the
primary endpoint of survival, improving median survival
by 2 months and 1-year survival by about 45%. This drug
is used frequently since it is the only approved second- or
third-line alternative to chemotherapy available in the

US. Trials of this drug versus chemotherapy are ongoing
and data will probably be available in about a year. The
main side effect of erlotinib is skin rash; in fact, if we are
not seeing this effect we start to wonder if the patient will
respond or if they are even getting the right drug. We look
at this as a form of pharmacokinetic marker. Erlotinib
is also approved in combination with gemcitabine for
pancreatic cancer6 and studies are underway for its use in
patients with a variety of other tumor types.
Proper patient selection is very important. Figure 2 is an
example of what can happen when a 50-year-old woman
who never smoked is treated with erlotinib as ﬁrst-line
therapy for NSCLC. She had some brain disease and
had just had radiation and we did not want to give her
chemotherapy. She had a dramatic response. A few years
ago we learned that certain patients with speciﬁc genetic
changes had tumors growing, in large part, due to an upregulation of the EGFR and that these patients also respond
very well to small molecule EGFR inhibitors. This patient
had a 99% response and went back to work, but about a
year later developed a secondary mutation and she was
unresponsive to treatment. These secondary mutations are
being described more now, but we still don’t have a good
way to treat patients with these mutations.

Figure 2. Never smoking 50-year-old woman treated with single
agent erlotinib as ﬁrst-line therapy for NSCLC (Deletion in Exon
19). Courtesy of Roy Herbst, MD, PhD.
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As we learn more about molecular studies we are
recognizing the importance of EGFR screening in lung
cancer and in the other tumor types, as well.7-9 We need
to look at mutations, gene ampliﬁcation, and at EGFR
protein levels as predictors of response. Also, we need to
determine the best way to obtain fresh, uniform biopsies
for testing. EGFR inhibitors were developed without a
target and we are ﬁnding the target as we move forward.
There must have been 20,000 or 30,000 patients treated
with these agents before a full effort was undertaken
to try to obtain tissue. Part of the reason that we didn’t
focus on developing a target was because of the difﬁculty
inherent in getting tissue from refractory lung cancer.
Regardless, the whole ﬁeld has changed, and this is our
main focus now.
Combining EGFR inhibitors with antiangiogenic drugs is a
way to target a tumor in multiple ways. One study of this
approach combines erlotinib, which inhibits tumor cell
growth and blocks synthesis of angiogenic proteins by
tumor cells, with bevacizumab, which inhibits endothelial
cells from responding to angiogenic protein.10 A similar
study, which was recently reported in Prague at the
European Organisation for Research and Treatment of
Cancer (EORTC), had compelling results. The phase II,
120-patient trial of erlotinib/bevacizumab combination
therapy as a second-line treatment for lung cancer had a
57% 1-year survival versus 31% with chemotherapy.11
In the future multi-targeted molecules such as ZD6474,
which has both anti-EGFR and anti-VEGF activity, will
be investigated further.12 One concern with ZD6474 is an
imbalance in the IC50 (50% inhibitory concentration) for
each activity, which could be a problem.
Two other drugs to consider are the monoclonal
antibodies (mAbs) panitumumab and matuzumab.
Panitumumab is approved by the FDA for use in
metastatic colorectal cancer. Three phase II clinical
trials are currently underway to investigate the use of
matuzumab in colorectal, gastric, and non-small cell
lung cancers. See Table 1 for a comparison of the
mechanism of action for EGFR TK inhibitors and mAbs.
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Table 1. Comparison of EGFR inhibitors.
TGF indicates transforming growth factor.
*Geﬁtinib, erlotinib.
†Cetuximab, ABX-EGF.
Courtsey of Roy Herbst, MD, PhD.

Early trials with cetuximab (IMC-225) combined with
cisplatinum to treat patients with head and neck tumors
and NSCLC that were refractory to platinum treatment
showed some success.13-15 These early strategies were
developed in head and neck cancer trials (which preceded
those done in colon cancer) and investigated if the mAbs
plus platinum would have activity in patients refractory
to platinum. It was a difﬁcult study because the patients
were quite ill after platinum therapy and there was some
single agent activity of cetuximab, as well. Dr Robert and
others in Alabama combined cetuximab with radiation
and noted an effect,16 which led to a large phase III study
led by Dr Bonner.17 Patients with locally advanced head
and neck cancer were treated with radiation or radiation
plus cetuximab and the results were extraordinary, with
overall survival and median duration of locoregional
control about double with combined therapy. Cetuximab
and panitumumab are FDA approved for colon cancer and
studies are underway in other solid tumors as well.
An interesting story about how we got started at looking
into using cetuximab and panitumumab for colon cancer
emphasizes the importance of paying attention to the
experiences of the front-line practitioner. At one of the

early investigative meetings for head and neck cancer,
a fellow physician from Florida asked if he could have
ten minutes. He brought up some x-rays and said, “This
is a woman who has refractory colorectal cancer. I gave
her irinotecan (CPT-11). She failed that so I combined it
with cetuximab on a compassionate IND (investigational
new drug) [program].” She had some activity from that
treatment and, based on that, studies were started with
cetuximab plus CPT-11, and of course the rest is history.
The future of this ﬁeld is in molecular markers. We
have agents that target EGFR and we know it is a potent
and safe target. The goal for all tumor types will be to
determine the best patients to treat with the best therapy
and use the agents early and in the right combinations.
Ultimately we need to personalize the therapy to the
individual patient.
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Evolution of Targeted Therapy Over Chronic
Myeloid Leukemia

Brian Druker, MD
The important thing I want to discuss is the triumph
of science over disease. As you know, the cause of
chronic myeloid leukemia (CML) in over 90 % of patients
is the presence of a constitutively active BCR-ABL
tyrosine kinase, which is the result of translocation
of chromosomes 9 and 22 of the Philadelphia (Ph)
chromosome. Imatinib (formerly ST1571) inhibits BCRABL tyrosine kinase and is highly efﬁcacious in treating
patients with CML. In addition, we have some promising
new ABL inhibitors that are more potent and show
signiﬁcant activity in imatinib-resistant patients and may
improve outcomes even further. That is the triumph.
But I would like to go back and review how we got here
and a good place to pick up the thread of this story, a
story that is woven into the fabric of successful oncologic
therapeutics, is when Nowell and Hungerford discovered
the Ph chromosome in 1960.1 That breakthrough
was followed in 1973 by Janet Rowley’s discovery
that reciprocal translocation of the long arms of
chromosomes 9 and 22 resulted in the Ph chromosome.2
This led to the discovery in the 1980s that the ABL
tyrosine kinase locus translocated to the BCR locus
creating the fusion gene protein, BCR-ABL.3
In the late 1980s, despite the fact that there was a lot of
skepticism, a team of scientists led by Nicholas Lydon
and Ales Matter at Novartis (then Ciba Geigy) started
performing high-throughput screens searching for
kinase inhibiting compounds.4 They followed this timeconsuming approach in the face of arguments that
kinase inhibitors would never work, would be toxic, and,
for CML, would never make enough money to justify
development. Analysis of the relationship between
structure and activity was essential to the development
of a series of compounds that were optimized to inhibit
a variety of speciﬁc targets. A lead compound was
identiﬁed with activity against platelet-derived growth
factor receptor (PDGF-R) and ABL tyrosine kinase, but
it had low potency and speciﬁcity, so a series of related
compounds were synthesized. Out of this process,
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imatinib emerged as the primary compound for clinical
development.5 Preclinical studies clariﬁed the activity of
the compound against cells containing and expressing
BCR-ABL and demonstrated an acceptable animal
toxicology proﬁle.
Clinical studies started in June 1998 with a phase I
dose-escalation study of patients with chronic CML who
had failed to respond to interferon alfa (INF-α) therapy.6
Nearly all of the patients (53/54) receiving doses over
300 mg had a complete hematologic response, 53% had
cytogenic responses, and 13% had a complete cytogenic
response. Phase II CML studies followed, which looked
at imatinib as a single agent in patients refractory to
INF-α therapy and accelerated phase and myeloid blast
crisis patients.
Although developed with an original target of PDGF-R,
imatinib also inhibited c-kit tyrosine kinase. Since
c-kit activating mutations are associated with many
gastrointestinal stromal tumors (GIST), we studied the
ability of imatinib to inhibit c-kit kinase activity in cells
and found the results promising.7 A clinical study of
imatinib use in patients with advanced unresectable or
metastatic GIST conﬁrmed that inhibition of the c-kit
pathway was promising indeed, with more than half
of the patients demonstrating a sustained objective
response to therapy.8
Before imatinib became available, INF-α plus cytarabine
was considered the standard therapy for CML.9,10 A
large phase III, prospective, open-label, multicenter,
randomized, controlled trial was conducted in an
outpatient setting and compared imatinib and INF-α
plus cytarabine therapy of chronic-phase CML patients.11
The results indicated imatinib was superior as a ﬁrstline therapy in newly diagnosed chronic-phase CML. A
5-year follow-up of that study conﬁrmed that imatinib
therapy induced durable responses in a high proportion
of patients.12
Table 1 is a review of the imatinib timeline.

From these timelines you can see that the process
of moving through trials and getting FDA approval is
improving. So how do we repeat and improve upon the
success we have had with CML therapy?

Table 1. Imatinib timeline
OHSU indicates Oregon Health and Science University; CML,
chronic myeloid leukemia; GIST, gastrointestinal stromal
tumors; FDA, US Food and Drug Administration. Courtesy of
Brian Druker, MD.

Table 2 is a review of the dasatinib timeline, one of the
newer ABL inhibitors:

Table 2. Dasatinib timeline.
CML indicates chronic myeloid leukemia; FDA, US Food and
Drug Administration. Courtesy of Brian Druker, MD.

We must not forget that this processs started with the
identiﬁcation of a target, ABL tyrosine kinase inhibition.
So we must ﬁrst identify a molecular pathogenic target
that is active early in the disease process. Then we must
ﬁnd or formulate a speciﬁc agent to inhibit that target.
Treatment with molecularly targeted agents should
be given as early in the course of disease as possible.
Patient selection for clinical trials is also extremely
important. In CML studies, patients with BCR-ABL
were identiﬁed by the presence of the Ph chromosome.
Remarkable results can be attained when an agent
targeting a speciﬁc abnormality that is easily identiﬁable
is given early in the disease process. Looking for other
diseases with similar molecular processes and looking
for other molecular processes that a drug inhibits will
increase the utility of a drug that has been selected for
clinical development. The challenge is to access the
vast amount of structural data in the ﬁeld so that series
of molecules can be found or developed for selectivity
against the speciﬁcally intended targets. To address
this problem we will need to use a team approach
with specialists in structural biology, computational
chemistry, structurally directed medicinal chemistry,
array screening assays, and molecular and cellular
biology, to use genome-based methods to identify and
evaluate more candidate agents and targets.5
To improve the drug development process we must
remember to take full advantage of industry/academic
collaborations. Deﬁning the disease by molecular
subtype is essential as we move into an era where
more and more small market diseases are being
addressed. As we match the right patient to the right
drug we can expect clinical trials to get smaller,
smarter, and quicker. But the FDA will need to develop
a new paradigm for cancer drug approvals, including
post-marketing surveillance. Regulations for drug
reimbursement will also need to change so that bringing
chemotherapeutic oncology drugs to market remains
proﬁtable. If these suggestions are heeded, then drug
prices will fall along with drug development costs.
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Dasatinib, an even more potent drug than imatinib, made
it through clinical trials in less than 3 years, tapped FDA
approval, and made it through the FDA in 6 weeks from
the time it was submitted to its approval. The point here
is that if you understand the disease and you understand
your target, then you can have very rapid, very successful
drug discovery and delivery. The future is targeted
therapy, understanding what we are doing, why we are
doing it, who the patients are, and who would beneﬁt
from the therapy. We are just beginning to see the dawn
of that era and my hope is that within the next 5, 10, 20
years, that era will be entirely upon us and we will see
survival rates for other cancers improve, much like what
we have seen for CML with survival rates going from less
than 50% to 95% or more.
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Post-Test Questions
Please CIRCLE your answer for each of the following questions:
1.

After 20 years of follow-up, what are the results of the clinical trial comparing MOPP and ABVD in the treatment of
Hodgkin Disease?
a. MOPP was proven to be more effective
b. ABVD was proven to be more effective
c. Overall survival is the same in both groups

2.

A recently published trial comparing 4 cycles of BEP with 2 cycles of BEP + 2 high-dose cycles + stem cell transplant,
showed improved beneﬁt with the transplant regimen in metastatic germ-cell tumors.
a. T
b. F

3.

_______ may be an indicator of efﬁcacy in patients receiving EGFR inhibitor therapy.
a. Skin rash
b. Nausea
c. Myelotoxicity

4.

Which of the following is true?
a. There has never been a study demonstrating improved efﬁcacy of AC over CMF.
b. Dose escalation increases efﬁcacy in anthracycline therapy of breast cancer.

5.

Stanley Cohen was credited with the discovery of epidermal growth factor in:
a. the 1980s
b. the 1990s
c. the 1960s
d. the 1800s

6.

______ is the only approved second- or third-line alternative to chemotherapy in NSCLC patients available in the US.
a. Geﬁtinib
b. Erlotinib
c. Bevacizumab
d. Sunitinib

7.

A phase II study recently reported at the EORTC in Prague indicated that the combination of the following two
targeted agents had compelling results compared with chemotherapy in lung cancer treatment:
a. erlotinib, bevacizumab
b. sorafenib, pertuzumab
c. geﬁtinib, erlotinib
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Yes
Somewhat
No
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Yes
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and lung cancer?
Yes
Somewhat
No

4.

How relevant is this topic to your practice?
Very relevant
Relevant

Somewhat relevant

5.

Will you share the information learned in this activity with your colleagues?
Definitely
Most likely
Possibly
Not likely

6.

Was this educational experience worthwhile, and was the information useful?
Yes
No

Not relevant at all

Name: _________________________________________ Degree: _______________________________
Fax: _________________________________________________________________ Course Code: 4410

29

Milestones in Oncology:
Events that Changed the Course of Cancer Therapy and Implications for the Future
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