
COMMUNITYCOMMUNITY
ONCOLOGY

 c l i n i c a l  i s s u e s  i n  c o m m u n i t y  p r a c t i c e  

A CME-Certified Supplement to

August 2011

  Volume 8  Number 8
  Supplement 2 

Highlights of the 6th Annual 
Community Oncology Conference
CME
This activity is jointly sponsored/co-provided by:

Supported by educational grants from:

This activity also is supported,  
in part, by an educational  
donation provided by: 

Novel HER2-targeted agents for breast cancer therapy	 1
Jame Abraham, MD, FACP, West Virginia University, Morgantown, WV

Recent developments in therapy for gastrointestinal cancers	 4
Axel Grothey, MD, Mayo Clinic, Rochester, MN

Meshing the new and the traditional in lymphoma therapy	 9
David H. Henry, MD, FACP, Pennsylvania Hospital, Philadelphia, PA

Emerging therapeutic options for advanced non-small cell	 13 
lung cancer
Ronald B. Natale, MD, Cedars-Sinai Medical Center, Los Angeles, CA

Progress in the management of metastatic melanoma	 17
Steven O’Day, MD, The Angeles Clinic and Research Institute, Los Angeles, CA

Prostate cancer and biologics	 20
Cary N. Robertson, MD, Duke University Medical Center, Durham, NC

Inhibition of DNA repair as a therapeutic strategy	 23
Lee S. Schwartzberg, MD, FACP, The West Clinic, Memphis, TN

Current status of bone-targeted therapy for cancer patients	 26
Alison T. Stopeck, MD, Arizona Cancer Center, University of Arizona, Tucson, AZ

Release date: A ugust 1, 2011 
Expiration date:  July 31, 2012



Educational Need
The volume of information emerging from cancer re-
search challenges oncologists’ ability to translate evi-
dence into clinical care. Assessments of clinical practice 
have shown that as many as 45% of patients do not 
receive evidence-based care and that as much as 25% 
of the care that patients do receive is unnecessary or 
potentially harmful. Studies of clinical oncology prac-
tices have found that application of evidenced-based 
care has the potential to improve patient outcomes and 
reduce mortality. Clinicians have an ongoing need for 
concise, evidence-based educational activities that can 
facilitate the integration of new information into clini-
cal oncology practice. Responses to a recent education-
al needs survey showed that clinical oncology profes-
sionals place a high priority on remaining current with 
emerging data, integrating emerging data into clinical 
practice, and formulating evidence-based treatment 
plans that meet individual patient needs.
1.	 Grol R. Med Care 2001;39:1146–1154.
2.	 McGlynn E, Asch SM, Adams J, Keesey J, Hicks J, DeCris-

tofaro A, Kerr EA. N Engl J Med 2003;348:2635–2645.
3.	 Canadian strategy for cancer control: draft synthesis report. 

Ottawa, Ontario: Canadian Cancer Control Strategy, 2001.

Learning Objectives
After completing this educational activity, participants 
should be able to:
•	 Discuss recent developments related to integration 

of novel agents into the treatment of non-small cell 
lung cancer

•	 Describe the scientific rationale for use of PARP 
inhibitors to treat cancer

•	 Discuss outcomes of recent clinical trials of PARP 
inhibitors

•	 Recognize the role of bone-targeted therapy in clini-
cal oncology practice

•	 Understand distinctions between bisphosphonates 
and RANK ligand inhibitors

•	 Describe recent developments in the treatment of 
melanoma

•	 Discuss novel therapies recently approved for treat-
ment of advanced prostate cancer

•	 Describe recent clinical trial data related to Hodg-
kin’s lymphoma and non-Hodgkin’s lymphoma

•	 Review current and emerging treatment options for 
colon and other gastrointestinal cancers

•	 Appreciate differences between traditional and 
novel HER2-targeted agents

Target Audience
This activity has been developed for medical oncolo-
gists, hematologists, and radiation oncologists.
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T he development of therapies that 
target the epidermal growth factor 
receptor (ErbB) family has helped 
transform the treatment of breast 
cancer and cancer in general. The 

ability to interfere with ErbB2 (human epider-
mal growth factor receptor 2; HER2) signaling 
led to an effective treatment for an especially ag-
gressive form of breast cancer. Moreover, research 
into anti-HER2 therapy provided confirmation of 
the concept that targeting specific signaling path-
ways could disrupt cancer progression. Over time, 
clinical experience showed that some patients with 
HER2-positive tumors did not benefit from treat-
ment targeting HER2. Until recently, failure of ex-
isting anti-HER2 therapy left clinicians and their 
patients with few HER2-specific options. The out-
look has begun to improve with the emergence of 
several new agents that employ different strategies 
to inhibit HER2 activity.

Three anti-HER2 drugs have reached phase 
III clinical evaluation: trastuzumab emtansine (T-
DM1), pertuzumab, and neratinib. Although HER2 
inhibition is the ultimate effect of all three agents, 
each employs a different approach to achieve that goal.

T-DM1
T-DM1 is an antibody-drug conjugate, con-

sisting of trastuzumab linked to a potent cyto-
toxic drug. The antibody has a binding affinity for 
HER2, similar to that of trastuzumab. After bind-
ing HER2, the antibody allows intracellular deliv-
ery of the chemotherapeutic agent DM-1, which is 
a derivative of maytansine, a plant-derived microtu-
bule polymerization inhibitor.

DM-1 has 20–100 times the potency of another 
well-known member of the drug class, vincristine.1 
DM-1 underwent testing as a chemotherapeutic 
agent but proved to be too toxic to use in the con-
ventional manner. In the antibody-drug conjugate, 
trastuzumab is attached to DM-1 by means of a 
linker molecule, which prevents release of the cy-
totoxic drug until the conjugate has been incorpo-
rated into a HER2-expressing tumor cell.

T-DM1 was evaluated in a single-arm, open-
label, phase II clinical trial involving 110 patients 
with heavily pretreated metastatic HER2-positive 
breast cancer.2 The patients in the trial resembled 
those seen often in clinical practice but rarely in 
clinical trials. All but one of the patients had dis-
ease progression during or after treatment with an 
anthracycline, a taxane, capecitabine, lapatinib, and 
trastuzumab. All of the patients had received two 
prior HER2-directed therapies (trastuzumab and 
lapatinib), and all had progressive disease with the 
last regimen received.

Treatment consisted of T-DM1 at a dose of 3.6 
mg/kg administered by intravenous infusion every 
3 weeks. The primary endpoint was objective re-
sponse rate (ORR), as determined at 24 weeks by 
independent review. The secondary endpoints in-
cluded investigator-assessed ORR, progression-
free survival (PFS), duration of response, and clini-
cal benefit rate, as assessed by independent review 
and the investigators.

The patients had received a median of seven pri-
or therapies for metastatic disease and eight thera-
pies in all clinical settings. Some patients had been 
treated with as many as 19 prior therapies. The me-
dian duration of prior trastuzumab therapy for met-
astatic disease was 19.4 months, and previous lapa-
tinib therapy had a median duration of 6.9 months.

As single-agent therapy, T-DM1 demonstrat-
ed substantial activity in this heavily treated pa-
tient population. The independently assessed ORR 
was 32.7%, and the clinical benefit rate was 44.5% 
by independent review. The trial provided infor-
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mation about the clinical activity of 
a new agent in a patient population 
that had not been studied previous-
ly. T-DM1 was well tolerated at the 
dose and schedule used in the trial, 
and no dose-limiting cardiotoxicity or 
new safety signals occurred. Toxicity 
was considered to be acceptable and 
manageable in the patient population 
represented by the trial.

Initial results have been reported 
from a recently completed phase III 
randomized clinical trial that com-
pared T-DM1 with trastuzumab-
docetaxel* combination therapy in pa-
tients with recurrent locally advanced 
or metastatic breast cancer.3 Patients 
received either T-DM1 at a dose of 3.6 
mg/kg every 3 weeks or trastuzumab,* 
initiated at 8 mg/kg and followed by 
6 mg/kg every 3 weeks, plus docetax-
el at a dose of 75 or 100 mg/m2 every 
3 weeks. The primary endpoints were 
investigator-assessed PFS and safe-
ty. Key secondary endpoints included 
ORR, clinical benefit, overall survival, 
quality of life, and symptom control.

Enrollment ended in December 
2009 with 137 patients, and the data 
were locked for analysis in April 2010, 
after a median follow-up of about 6 
months in both treatment arms. The 
results showed an ORR of 32% in the 
T-DM1 group and 29% in the trastu-
zumab-docetaxel group. Clinical bene-
fit rates were 37% and 40%, respectively.

Investigators in an ongoing mul-
ticenter clinical trial are comparing 
T-DM1 against the combination of 
capecitabine and lapatinib in patients 
with HER2-positive locally advanced 
or metastatic breast cancer previously 
treated with trastuzumab-based ther-
apy. The phase III randomized trial 
began patient accrual in February and 
has an accrual target of 580 patients.

Patients have been randomly as-
signed to receive T-DM1 at a dose of 
3.6 mg/kg every 3 weeks or the com-
bination of lapatinib, 1,250 mg/d, and 
capecitabine,* 1,000 mg/m2 twice dai-

ly. The primary endpoint is PFS, and 
secondary endpoints include overall 
survival and quality of life.

Pertuzumab
Pertuzumab is a monoclonal an-

tibody that targets HER2 to pre-
vent communication, or dimerization, 
with HER3, a necessary event in the 
signaling that drives the growth and 
progression of HER2-positive breast 
cancer.4–8 Pertuzumab is the only an-
ti-HER2 agent developed to date 
that specifically targets the HER2 
signaling pathway.

Pertuzumab was evaluated as neo-
adjuvant therapy for patients with op-
erable or locally advanced/inflamma-
tory HER2-positive breast cancer.9 
The trial protocol required every pa-
tient to receive neoadjuvant therapy, 
followed by surgery and then adju-
vant therapy; 417 patients were ran-
domized to receive four regimens of 
neoadjuvant and adjuvant therapy:
n	 Docetaxel-trastuzumab, followed 
by adjuvant FEC (5-fluorouracil, epi-
rubicin, and cyclophosphamide) che-
motherapy plus trastuzumab;
n	 Docetaxel, trastuzumab, and pertu-
zumab, followed by FEC-trastuzumab;
n	 Trastuzumab-pertuzumab, followed 
by docetaxel-trastuzumab; or
n	 Docetaxel-pertuzumab, followed by 
FEC-trastuzumab.

The primary endpoint was patho-
logic complete response (pCR). Sec-
ondary endpoints were clinical re-
sponse, disease-free survival, breast 
conservation rate, and biomarker 
evaluation.

The neoadjuvant combination of 
docetaxel, trastuzumab, and pertu-
zumab resulted in the highest pCR 
rate (45.8%), which was significant-
ly better than the response rate as-
sociated with docetaxel-trastuzumab 
(29.0%; P = 0.0141) and docetaxel-
pertuzumab (24.0%; P = 0.003). The 
conventional docetaxel-trastuzumab 
regimen was superior to trastuzumab-
pertuzumab, which had the lowest 
pCR (16.8%; P = 0.0198).

An analysis of pCR by hormone-
receptor status showed that all of the 
neoadjuvant regimens performed bet-
ter in tumors that were negative for 
both estrogen and progesterone re-
ceptor status. However, the docetax-
el-trastuzumab-pertuzumab combi-
nation achieved a much higher pCR 
in hormone receptor-negative tumors 
(63% vs 27%–37% for the other three 
regimens).

To summarize the findings of this 
trial, the combination of trastuzum-
ab, pertuzumab, and docetaxel con-
sistently resulted in the highest pCR 
rate. The biologic doublet of trastu-
zumab and pertuzumab demonstrat-
ed considerable antitumor activity 
without chemotherapy. Consistent 
with expectations, all of the neoad-
juvant regimens showed greater ac-
tivity in hormone receptor-negative 
tumors. The addition of pertuzumab 
was associated with good tolerability 
and absence of any meaningful in-
crease in cardiac risk over the course 
of four cycles of neoadjuvant therapy.

Clinical evaluation of pertuzu
mab includes an ongoing interna-
tional phase III randomized trial in 
patients with HER2-positive meta-
static breast cancer. Known by the ac-
ronym CLEOPATRA, the trial has 
an accrual target of 800 patients at 
250 sites worldwide. Patients are be-
ing randomized to receive docetaxel 
plus trastuzumab and placebo or to 
the combination of docetaxel, trastu-
zumab, and pertuzumab. The key end-
points are PFS, overall survival, and 
biomarker analysis.

Neratinib
Neratinib is an orally administered 

irreversible pan-ErbB receptor tyro-
sine kinase inhibitor that targets ErbB 
(HER) 1, 2, and 4. Lapatinib, which 
also targets multiple receptor tyrosine 
kinases of the HER family, is a revers-
ible inhibitor. Compared with lapa-
tinib, neratinib has greater potency 
and a lower molecular weight.

Lapatinib and neratinib have been 
* Indicates unlabeled/investigational use of com-
mercial products.



  August 2011  ■  COMMUNITY ONCOLOGY  3 Volume 8/Number 8/Supplement 2

Novel HER2-targeted agents   HIGHLIGHTS OF THE 6th Annual Community Oncology Congress

evaluated in phase II clinical trials in-
volving patients with HER2-positive, 
trastuzumab-refractory breast cancer 
and patients with no prior exposure 
to trastuzumab. In trastuzumab-re-
fractory tumors, ORR was about 5% 
with lapatinib and 26% with nera-
tinib. Among patients with HER2-
positive tumors and no prior trastu-
zumab treatment, ORR was 35% with 
lapatinib and 56% with neratinib. The 
principal toxicity of neratinib is diar-
rhea, which affects about 25% of pa-
tients and can be severe.

Neratinib was evaluated in an 
open-label, multicenter, phase II 
breast cancer trial involving 66 
patients with a history of treat-
ment with trastuzumab and 70 pa-
tients with no prior exposure to the 
agent.10 The patients received 240 
mg of neratinib daily, and the pri-
mary endpoint was 16-week PFS, 
as determined by independent re-
view. Analysis of the primary end-
point showed a 16-week PFS of 78% 
among patients with no prior ex-
posure to trastuzumab and 59% for 
patients previously treated with the 
monoclonal antibody. The overall re-
sponse rates were 24% and 56%, re-
spectively, in patients with and with-
out prior trastuzumab treatment.

Neratinib was evaluated in another 
trial involving patients with HER2-
expressing metastatic breast cancer.11 
Some patients received neratinib as 
first-line therapy, whereas others had 
been treated with as many as three 
prior regimens. Patients received a 
240-mg daily dose of the HER2 in-
hibitor along with 80 mg/m2 of pacli-
taxel. Treatment was associated with 
objective responses in 61 of 97 eval-
uable patients, resulting in an over-
all response rate of 67%. Subgroup 
analysis showed that 43 of 60 patients 
(72%) with prior exposure to a tax-
ane drug had an objective response, 
as did 55 of 97 patients (57%) with 
prior trastuzumab exposure and 9 of 
13 patients (69%) previously treated 
with lapatinib.

Investigators in several ongoing 
clinical trials are evaluating neratinib 
in several settings of HER2-posi-
tive breast cancer. In a randomized 
phase II trial sponsored by the Na-
tional Surgical Adjuvant Breast and 
Bowel Project (NSABP), patients 
with locally advanced breast cancer 
will receive neoadjuvant therapy with 
weekly paclitaxel plus neratinib or 
trastuzumab, followed by doxorubicin 
and cyclophosphamide, surgery, and 
adjuvant trastuzumab.

Investigators in another trial are 
evaluating neratinib as extended ad-
juvant therapy in patients with early 
breast cancer (stages II–IIIC) already 
treated with trastuzumab. Patients are 
being randomized to receive treat-
ment with neratinib or placebo and 
are being followed for 1 year.

Novel evaluation 
of trastuzumab

The emergence of other HER2-
targeted therapies does not mean that 
trastuzumab will disappear from clin-
ical use anytime in the near future. 
In fact, the NSABP has launched a 
randomized phase III clinical trial to 
evaluate a novel use of trastuzumab. 
The trial will involve patients who 
have early breast cancer with low-
level HER2 expression, defined as 1+ 
or 2+ staining by immunohistochem-
istry and negative by fluorescence in 
situ hybridization.

Patients in both arms will receive 
the same standard postoperative che-
motherapy: docetaxel-cyclophospha
mide or doxorubicin-cyclophospha-
mide followed by paclitaxel. One 
group will also receive trastuzumab for 
a year after completing chemotherapy. 
If trastuzumab results in a significant 
benefit compared with chemotherapy 
alone, the potential patient population 
with indications for this anti-HER2 
antibody could expand substantially.
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G astrointestinal (GI) oncology com-
prises a diverse group of diseases af-
fecting an extensive area of the body. 
The discussion that follows will fo-
cus on four topics: adjuvant therapy 

for colon cancer, palliative care for metastatic colorectal 
cancer, gastroesophageal cancer, and pancreatic cancer.

Adjuvant therapy for colon cancer
Risk assessment related to adjuvant therapy is 

complicated by the fact that some patients with 
stage II colon cancer—such as T4bN0—have a 
worse prognosis than patients with certain types of 
stage III colon cancer.1 As a result, some patients 
with stage II disease might require adjuvant thera-
py, and some with stage III colon cancer might not. 
Making that distinction is no simple matter.

For years, 5-fluorouracil (5-FU) represented the 
standard of care for adjuvant therapy in colon cancer. 
Efforts to move beyond 5-FU have met with mixed 
results. Evaluations of oxaliplatin- and capecitabine-
based regimens as substitutes for 5-FU have yield-
ed positive results. On the other hand, evaluations 
of irinotecan, bevacizumab, and cetuximab have had 
negative outcomes.

Although oxaliplatin-based therapy has improved 
colon cancer outcomes compared with 5-FU, not all 
patients, particularly older patients, have benefited. 
In a pooled analysis of data from two large clinical 
trials, patients were stratified by age (< 70 years vs ≥ 70 
years).2 As shown in Table 1, younger patients derived 
significant benefit from oxaliplatin-based therapy, with 
respect to disease-free survival (DFS), overall survival 
(OS), and time to recurrence (TTR). In contrast, the 
hazard ratios (HRs) for DFS and OS trended in favor 
of the 5-FU arm among older patients, and TTR was 
similar between arms. Moreover, the 6-month mortal-
ity among older patients was almost twice as high in 
the oxaliplatin group, although the difference from the 
control arm did not achieve statistical significance.

Bevacizumab
The role of targeted agents in GI cancers has 

been the subject of multiple clinical studies. Investi-

gators in two large, multicenter randomized clinical 
trials evaluated adjuvant bevacizumab in patients 
with stages II–III colon cancer.

The National Surgical Adjuvant Breast and Bowel 
Project (NSABP) C-08 trial involved 2,710 patients, 
all of whom received oxaliplatin-based chemotherapy 
and were then randomized to receive treatment with 
placebo or bevacizumab.3 Treatment with bevacizum-
ab began concurrently with chemotherapy and con-
tinued for 12 months, 6 months after chemotherapy 
ended. Patients randomized to receive bevacizumab 
had a 3-year DFS of 77.4%, compared with 75.5% for 
chemotherapy alone, a difference that translated into a 
nonsignificant 11% reduction in HR (P = 0.15).3

Similar results emerged from the AVANT 
(AVAstin adjuvaNT) trial, which involved 3,451 
patients with stage III or high-risk stage II colon 
cancer.4 The randomized trial had three treatment 
arms: oxaliplatin-based chemotherapy alone; the 
same chemotherapy plus bevacizumab, 5 mg/kg 
during chemotherapy followed by 7.5 mg/kg for 6 
months; and capecitabine-oxaliplatin chemother-
apy plus bevacizumab, 7.5 mg/kg during chemo-
therapy and for 6 months afterward. The primary 
endpoint was DFS among patients with stage III 
disease. When the trial ended, both bevacizumab 
arms had HRs trending toward worse DFS com-
pared with chemotherapy alone.

To gain more insight into the AVANT re-
sults, investigators analyzed the primary outcome 
(DFS) as a function of time, specifically, the time 
from randomization (Figure 1). During the first 
year, bevacizumab-treated patients had a sub-
stantially better DFS than did the control arm, 
reflected in HRs of 0.63 and 0.61. By 18 months, 
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the HR for both bevacizumab arms 
had surpassed 1.0 and remained 
there to the end of follow-up. Thus, 
patients derived a substantial benefit 
during the bevacizumab treatment 
period, but the benefit disappeared 
after bevacizumab treatment end-
ed. The NSABP C-08 trial showed 
a similar trend (Figure 1), although 
the HR remained < 1.0 after the use 
of bevacizumab was discontinued.

Analysis of OS in AVANT also 
showed no benefit from treatment 
with bevacizumab and possibly some 
harm. The HR in both bevacizumab 
groups was about 30% higher than 
in the chemotherapy-alone group.4 

The rapid decline in benefit after dis-
continuation of bevacizumab has led 
to discussions about a possible re-
bound effect that makes tumors more 
aggressive.

One potential explanation for the 
AVANT findings relates to use of 
additional therapy after disease re-
currence. DFS factors in all deaths, 
including those that occur after re-
currence. An examination of the pal-
liative therapies that patients received 
after recurrence showed that patients 
were more likely to receive bevaci-
zumab if it had not been part of their 
adjuvant therapy before.4 This imbal-
ance in post-recurrence treatment se-

lection might well have influenced 
both DFS and OS.

Cetuximab
Considerable enthusiasm sur-

rounded the launch of an adjuvant 
trial involving the targeted agent ce-
tuximab. Available science suggested 
that adding cetuximab to chemother-
apy would improve outcomes in pa-
tients with stage III colon cancer and 
the wild-type KRAS gene. Instead, 
treatment with chemotherapy alone 
was associated with better DFS in 
patients with both wild-type and mu-
tated KRAS genes.5

The negative outcome of the ce-
tuximab trial led to discussion and 
speculation about potential explana-
tions. Adjuvant therapy targets micro
metastases. Studies involving experi-
mental models suggest that cancer 
cells may evade systemic therapy by 
means of epithelial mesenchymal 
transition.6 The cells transform their 
gene-expression profile and appear-
ance and, in the process, might termi-
nate epidermal growth factor receptor 
(EGFR) expression, which normally 
is ubiquitous among epithelial can-
cers. In effect, the cells shed the target 
of therapy.

Tumors with dMMR
High-risk stage II colon cancer 

also has posed a challenge to che-
motherapy, so much so that on-
cologists often consider the subset 
equivalent to stage III in terms of 
risk. Markers of high-risk stage II 
colon cancer include T4N0 disease 
and the number of lymph nodes ex-
amined. On the other hand, a de-
ficiency in mismatch repair enzyme 
expression portends a favorable 
prognosis.7 When there is uncer-
tainty about the need to treat stage 
II disease, testing for mismatch re-
pair deficiency (dMMR) can pro-
vide valuable guidance. Tumors with 
dMMR affect about 15% of all pa-
tients with colon cancer and have 
about a 70% reduction in the risk 

Table 1

Efficacy of FOLFOX by age
	 Hazard ratio (95% CI), expl vs ctrla	

Deaths within 6 mo,
Age	 Number	 DFS	 OS	 TTR	 expl vs ctrl, % 

< 70 yr	 3,977	 0.77	 0.81	 0.76	 0.81 vs 0.81
		  (0.68, 0.86)	 (0.71, 0.93)	 (0.67, 0.86)	 (P = 1.0)

≥ 70 yr	 703	 1.04	 1.19	 0.92	 2.57 vs 1.37
		  (0.80, 1.35)	 (0.90, 1.57)	 (0.69, 1.23)	 (P = 0.25)

FOLFOX = folinic acid (leucovorin), 5-fluorouracil (5-FU), and oxaliplatin; CI = confidence interval; expl = 
experimental arm; ctrl = control arm; DFS = disease-free survival; OS = overall survival; TTR = time to recurrence
a Endpoint; values < 1 favor the experimental arm over the control arm (IV 5-FU)
Adapted, with permission, from Jackson McCleary et al2
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FIGURE 1  Disease-free survival as a function of time from randomization. FOLFOX4 = folinic 
acid (leucovorin), 5-fluorouracil (5-FU), and oxaliplatin; XELOX = capecitabine and oxalipla-
tin; NSABP = National Surgical Adjuvant Breast and Bowel Project. From De Gramont et al4 
and Alberts et al.5
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of recurrence.8 These patients have a 
5-year recurrence risk of 5% and do 
not require systemic therapy.

Treatment for metastatic 
colon cancer

Treatment paradigms for metastat-
ic colorectal cancer have continued to 
evolve as new therapeutic candidates 
and options have been developed and 
evaluated. The evolution has brought 
about the recognition that some pa-
tients with stage IV disease can be 
cured by an interdisciplinary approach 
to treatment. In the palliative set-
ting, commonly used chemotherapy 
combinations (FOLFOX, XELOX, 
FOLFIRI) achieve similar results. 
The XELIRI regimen (capecitabine 
plus irinotecan) has overlapping tox-
icities that can be problematic. Most 
patients with stage IV colorectal can-
cer can tolerate a two-drug combi-
nation but do not necessarily need 
combination therapy. The addition of 
biologic agents, notably bevacizumab, 
to chemotherapy has improved out-
comes but not to the extent that had 
been hoped.

The current status of treatment 
paradigms (Table 2) is one of refine-
ment, not breakthroughs. However, 
the use of molecular predictive mark-
ers has brought the field to the brink 
of individualized therapy, which could 
revolutionize treatment of metastatic 
colorectal cancer.

Experience with conventional 
chemotherapy has given rise to the 
concept that patients derive maxi-
mal benefit from exposure to all three 
drugs with proven activity in the met-
astatic setting: 5-FU, oxaliplatin, and 
irinotecan.9 In most cases, the benefit 
reaches a plateau after about 2 years. 
The addition of biologic agents to 
chemotherapy has moved the thera-
peutic potential beyond that plateau.

Bevacizumab
Adding the angiogenesis inhibi-

tor bevacizumab to chemotherapy 
raised the standard for therapeutic 

efficacy in metastatic colorectal can-
cer. A landmark phase III clinical 
trial showed a dramatic effect on OS, 
progression-free survival (PFS), ob-
jective response rate, and duration of 
response rate compared with chemo-
therapy alone.10

As more potent chemotherapy 
regimens have emerged, adding beva-
cizumab has led to a more modest im-
provement in key clinical outcomes.11 
Moreover, clinical experience with 
bevacizumab and chemotherapy has 
revealed potential problems with tox-
icity, particularly in oxaliplatin-con-
taining regimens. Because of cumu-
lative toxicity, fewer patients remain 
on therapy over time. Patients who 
remain on therapy continue to ben-
efit from the addition of bevacizumab, 
so duration of therapy has become a 
key consideration in the treatment of 
metastatic colorectal cancer.12

EGFR inhibitors
As compared with bevacizumab, 

drugs that inhibit EGFR have a more 
direct or targeted effect on cancer. 
EGFR inhibitors target specific sig-
naling pathways involved in tumor 
progression. Clinical experience with 
drugs in this class has shown that 
patients whose tumors bear KRAS 
mutations (about 40% of all patients 
with colorectal cancer) do not benefit 
from EGFR inhibition. In contrast, 

patients whose tumors have wild-
type KRAS have significant improve-
ment in survival when treated with an 
EGFR inhibitor.13

The impact of KRAS status was 
demonstrated clearly in a clinical trial 
that evaluated conventional chemo-
therapy alone or in combination with 
the EGFR inhibitor cetuximab.14 In 
the intention-to-treat analysis, pa-
tients treated with cetuximab had a 
modest, though statistically signifi-
cant, improvement in response rate 
and PFS, and the benefit appeared 
late. A prespecified subgroup analy-
sis by KRAS status showed a sub-
stantially greater effect of cetuximab 
in patients with wild-type KRAS tu-
mors, including almost a 60% im-
provement in 1-year PFS.14 Similar 
results emerged from a large random-
ized clinical trial comparing chemo-
therapy alone or in combination with 
panitumumab.15  Other clinical tri-
als, however, have yielded confound-
ing results with the addition of an 
EGFR inhibitor to chemotherapy. 
In one study, patients with colorectal 
cancer bearing wild-type KRAS de-
rived no significant benefit from the 
combination of chemotherapy and 
cetuximab.16

Taken together, the phase III trials 
of add-on therapy with an EGFR in-
hibitor would appear to yield a null 
result. In fact, the magnitude of the 
benefit from EGFR inhibition, if any, 
appears to depend on the patient pop-
ulation. Use of an EGFR inhibitor in 
a more selected group of patients, ie, 
later in the treatment paradigm, ap-
pears to offer the most benefit.

The major clinical trials of EGFR 
inhibitors in metastatic colorectal can-
cer have demonstrated that testing for 
KRAS status before starting therapy is 
essential. The data from trials of first- 
and second-line therapies have con-
sistently shown that wild-type KRAS 
tumors are more susceptible to EGFR 
inhibition and that KRAS-mutant tu-
mors are relatively insensitive.

Most patients with metastatic 

TABLE 2

Treatment paradigms for 
metastatic colorectal cancer
n	 Some patients with stage IV disease can 

be cured by an interdisciplinary 
approach

n	 In the palliative setting: FOLFOX = 
XELOX = FOLFIRI (XELIRI has problems 
with toxicity)

n	 Most patients tolerate a chemotherapy 
doublet, but not all need it

n	 The addition of biologics to 
chemotherapy has improved outcomes, 
but not as much as we hoped

n	 We are on the verge of individualized 
therapy based on molecular predictive 
factors
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colorectal cancer are in a palliative 
setting. The principal concerns are 
prolonging survival and preserving 
quality of life. Given those realities, 
bevacizumab represents a better op-
tion than EGFR inhibition for most 
patients. Bevacizumab offers more 
consistent efficacy and has a more fa-
vorable toxicity profile.

Esophageal and 
gastric cancers

Both of these cancers remain rel-
atively uncommon in the United 
States, but their epidemiology is go-
ing in opposite directions. The inci-
dence of esophageal cancer, cancer of 
the gastroesophageal junction (GEJ), 
and cancer of the cardia has increased 
300% over the past 10 years.17 The rise 
has coincided with increased preva-
lence of obesity, gastroesophageal re-
flux disease, and Barrett’s esophagus, 
in addition to the conventional risk 
factors of tobacco and alcohol use. 
In contrast, the incidence of gastric 
cancer has decreased, especially the 
proportion of squamous cell cancers. 
Mortality remains high for both types 
of cancer: 88% for esophageal cancer 
and 50% for gastric cancer.

Results of two recent clinical 
trials have established a role for bio-
logic therapy for gastric cancer. Be-
tween 20% and 30% of gastric can-
cers overexpress the human epidermal 
growth factor receptor 2 (HER2). 
The Trastuzumab in Gastric Cancer 
(ToGA) trial expanded the concept 
of targeting HER2 expression from 
breast cancer to gastric cancer.18 Pa-
tients were screened for HER2 ex-
pression, and those with HER2-
positive tumors were randomized to 
receive treatment with chemotherapy 
(5-FU or capecitabine plus cisplatin) 
with or without trastuzumab. The pri-
mary endpoint was OS.

The data were stratified by tu-
mor histology (intestinal, diffuse, or 
mixed) and by localization (GEJ or 
gastric). A higher proportion of intes-
tinal-type tumors and cancers of the 

GEJ exhibit HER2 overexpression. 
The results showed that the addition 
of trastuzumab to chemotherapy sig-
nificantly increased median OS from 
11.1 months to 13.8 months, repre-
senting a 26% reduction in HR (P = 
0.0046).18 Patients in the trastuzumab 
arm also experienced improvement 
in PFS, a secondary endpoint (6.7 
months vs 5.5 months; P = 0.0002).

Analysis of survival data by HER2 
expression solidified the rationale for 
targeting HER2. The largest differ-
ence in OS was observed among pa-
tients who had 3+ overexpression by 
immunohistochemistry (IHC 3+) 
and who were also positive by fluores-
cence in situ hybridization (FISH): 
17.9 months versus 12.3 months, a 
42% reduction in HR. In contrast, 
patients with IHC 3+/FISH– tumors 
had an almost identical median OS 
regardless of whether they received 
trastuzumab.18

An exploratory analysis aimed at 
identifying the optimal patient pop-
ulation for trastuzumab showed that 
patients with IHC 2+/FISH+ or 
IHC 3+ tumors had a median OS of 
16.0 months with trastuzumab ver-
sus 11.8 months with chemotherapy 
alone, which translated into a 35% 
reduction in HR. Moreover, survival 
curves separated early, reflecting the 
added benefit of trastuzumab.18

Another key trial examined the ad-
dition of bevacizumab to capecitabine-
cisplatin chemotherapy for patients 
with locally advanced or metastatic 
gastric cancer.19 The primary endpoint 
was OS, and the results failed to dem-
onstrate a benefit of adding bevaci-
zumab to chemotherapy. The median 
OS was 12.1 months with bevacizu
mab and 10.1 months with placebo 
(P = 0.1002). PFS was significantly 
different in favor of the bevacizumab 
arm (6.7 months vs 5.3 months; P = 
0.0037), suggesting some level of ac-
tivity. Moreover, overall response rate 
showed a significant advantage for be-
vacizumab therapy (46% vs 37%; P = 
0.0315).

Analysis of the data by geographic 
region further complicated interpre-
tation of the results. Patients from 
Asia, who constituted half of the 
study population, derived no benefit 
from bevacizumab. European patients 
had a modest improvement in sur-
vival with bevacizumab, and patients 
from Latin American had significant 
improvement when bevacizumab was 
added to chemotherapy. Whether 
these observations warrant anoth-
er large randomized clinical trial re-
mains under consideration.

Pancreatic cancer
Pancreatic cancer continues to have 

a dismal prognosis, despite multiple ef-
forts to develop more effective therapy 
and to identify biomarkers that would 
lead to diagnosis of more patients with 
early-stage disease. However, French 
investigators reported truly practice-
changing results at the 2010 American 
Society of Clinical Oncology meet-
ing.20 The trial involved 342 patients 
with metastatic pancreatic cancer, 
randomized to receive standard ther-
apy with gemcitabine* or combina-
tion chemotherapy with 5-FU,* leu-
covorin,* oxaliplatin,* and irinotecan* 
(FOLFIRINOX).

Not surprisingly, FOLFIRINOX 
was associated with significantly more 
hematologic toxicity, including neu-
tropenia (79.9% vs 54.8%; P = 0.0001); 
febrile neutropenia (7.2% vs 2.4%; P = 
0.009); and thrombocytopenia (75.2% 
vs 54.8%; P = 0.008). More than 40% 
of patients in the experimental arm 
needed growth factor support, com-
pared with 5.3% in the gemcitabine 
arm. However, only one toxic death 
occurred in each treatment group.

The FOLFIRINOX regimen was 
associated with an overall response 
rate of 31.6%, compared with 9.4% 
with gemcitabine (P = 0.0001). The 
overall disease control rate (response 
plus stable disease) was 70.2% with 
FOLFIRINOX and 50.9% with 
* Indicates unlabeled/investigational use of com-
mercial products.
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gemcitabine (P = 0.0003). Median 
PFS was 6.4 months with the ex-
perimental therapy and 3.3 months 
with gemcitabine, representing a 
53% reduction in HR (P < 0.0001). 
Similarly, patients treated with FOL-
FIRINOX had a significantly longer 
median survival of 11.1 months ver-
sus 6.8 months with gemcitabine, a 
43% reduction in HR (P < 0.0001).20

Results of the French trial have 
generated unparalleled optimism that 
the prognosis for this terrible disease 
can be improved. To put the find-
ings into proper context, consider 
that the PFS with the experimental 
FOLFIRINOX regimen was similar 
to the OS with gemcitabine. Already, 
some pancreatic cancer specialists 
have begun discussions about using 
the FOLFIRINOX regimen as neo-
adjuvant therapy for patients with re-
sectable disease.
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T he field of lymphoma has entered 
an era of rapid evolution, fueled in 
large part by ongoing advances in 
biochemistry that continually reveal 
pathways to new targets for thera-

peutic development. Several promising therapeutic 
candidates have emerged, particularly in the field 
of antibody conjugates. However, tradeoffs be-
tween clinical response and adverse events have yet 
to be fully defined. Moreover, traditional therapies, 
such as rituximab, will continue to play a role in 
the management of lymphoma. Future therapeutic 
developments will build on the progress of the past 
2 decades, which has seen 10-year survival for low-
grade lymphoma improve from 52% during 1990–
1992 to 72% during 2002–2004 (Table 1).1

Key results from recent studies
Asymptomatic follicular lymphoma

Investigators in an intergroup trial compared 
rituximab* with a strategy of watchful waiting in 
462 patients with asymptomatic, nonbulky, stages 
II–IV follicular lymphoma.2 Patients allocated to 
rituximab received four weekly doses, and half of 
the patients received rituximab maintenance ther-
apy once every 2 months for 2 years. The primary 
endpoint was the time to initiation of chemothera-
py or radiation therapy.

The time to new therapy and progression-free 
survival (PFS) favored the rituximab groups. How-
ever, the results showed no difference in overall 
survival as of December 2010, as reported at the 
American Society of Hematology (ASH) annu-
al meeting.2 Quality-of-life data were not report-
ed. The results did show a 5% incidence of adverse 
events among patients treated with rituximab, in-
cluding hypogammaglobulinemia associated with 
chronic sinusitis. The observation raised the ques-
tion of whether such patients require monitoring 
and periodic measurement of gamma globulin lev-
els. Of note, patients allocated to watchful waiting 
had a 33-month median time to new therapy, pro-
viding useful information about that clinical man-
agement strategy.

TABLE 1

Ten-year survival for low-grade lymphoma
	 Survival, %

Age, yr	 1990–1992	 2002–2004

15–44	 64	 84

45–54	 59	 81

55–64	 54	 73

65–74	 49	 70

≥ 75	 31	 49

Total	 52	 72

Adapted, with permission, from Pulte et al1

Relapsed/refractory lymphoma
The clinical activity of the anti-CD40 anti-

body lucatumumab (HCD122) was assessed in pa-
tients with relapsed or refractory lymphoma, either 
Hodgkin’s lymphoma or non-Hodgkin’s lymphoma 
(NHL).3 All 43 patients in the study had received 
more than one prior regimen. Objective respons-
es were observed in 4 of 12 patients with follicu-
lar lymphoma, 2 of 13 patients with diffuse large 
B-cell lymphoma (DLBCL), and 3 of 18 patients 
with Hodgkin’s lymphoma, resulting in an overall 
response rate (ORR) of 22% (9 of 41 patients). The 
therapy was associated with minimal toxicity.

Combination therapy for lymphomas
Investigators in a multicenter randomized clini-

cal trial evaluated two rituximab-containing com-
binations in 219 patients with relapsed follicular, 
indolent, and mantle cell lymphomas.4 Patients re-
ceived either bendamustine or fludarabine* paired 
with rituximab. The bendamustine regimen led to 
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striking improvement in outcomes 
compared with fludarabine-ritux-
imab: PFS, 30 months vs 11 months; 
ORR, 83% vs 52%; complete re-
sponse (CR) rate, 38% vs 16%. The 
type, frequency, and severity of ad-
verse events did not differ between 
treatment groups.

Investigators performed an un-
planned analysis of 40 patients who 
received rituximab maintenance ther-
apy, independently of randomized 
therapy. The analysis showed a trend 
toward improved survival with main-
tenance rituximab.

Treatment-refractory 
indolent lymphoma

The antibody conjugate inotu-
zumab ozogamicin (CMC-544) was 
evaluated in 43 patients with indolent 
B-cell NHL refractory to rituximab, 
rituximab plus chemotherapy, or ra-
dioimmunotherapy.5 The conjugate 
consists of an anti-CD22 antibody 
linked to the calicheamicin toxin 
and induces double-stranded DNA 
breaks.

Eighteen of the 43 patients had 
proved refractory or resistant to more 
than three prior regimens. Six-month 
results showed an ORR of 53%, in-
cluding CRs in 19%, and a PFS of 
59%. The principal toxicities were 
myelosuppression and abnormal liver 
function tests. About one-fourth of 
the patients had to stop therapy be-
cause of the toxicities, as prescribed in 
the study protocol, but the conditions 
resolved spontaneously upon discon-
tinuation of therapy.

Radioimmunotherapy for 
follicular lymphoma

Patients with previously untreat-
ed symptomatic, stages II–IV fol-
licular lymphoma received a single 
dose of 90yttrium ibritumomab tiux-
etan.6 Analysis of 6-month data on 
59 patients showed CRs in 25 pa-
tients and partial responses (PRs) in 
22, resulting in an ORR of 85%. The 
response rate was 72% at 1 year, con-

sisting of CRs in 52% of patients and 
PRs in 20%. After a median follow-
up of 23 months, the median PFS 
was 17.9 months.

The study is noteworthy because 
clinicians tend to reserve radioim-
munotherapy until late in the clinical 
course of a patient with lymphoma. 
These results suggest that radioim-
munotherapy deserves earlier con-
sideration, possibly even as first-line 
therapy.

Advanced DLBCL
Patients with advanced DLBCL 

received CHOP (cyclophosphamide, 
doxorubicin, vincristine, prednisone) 
plus rituximab (R-CHOP) chemo-
therapy plus the angiogenesis in-
hibitor bevacizumab.7 The bevacizu
mab-containing regimen resulted in 
a 1-year PFS of 77% among 64 pa-
tients, about the same as what would 
be expected with the standard R-
CHOP regimen. However, the addi-
tion of bevacizumab to R-CHOP was 
associated with severe adverse events 
that included 2 sudden deaths, 5 gas-
trointestinal perforations, 5 cases of 
deep-vein thrombosis, 7 cases of se-
vere hypertension, and 13 cases of left 
ventricular dysfunction. Consequent-
ly, no further studies of this regimen 
are planned.

Peripheral T-cell lymphoma
Investigators enrolled 131 pa-

tients with progressive or relapsed pe-
ripheral T-cell lymphoma (PTCL) 
in a phase II evaluation of the his-
tone deacetylase (HDAC) inhibitor 
romidepsin, one of two drugs with 
FDA approval for PTCL (the oth-
er being pralatrexate, an antifolate).8 
Romidepsin was administered by IV 
infusion three times every 28 days for 
a maximum of six cycles of therapy.

The ORR of 27% was not particu-
larly impressive, but the response du-
ration was. With a median follow-up 
of 8.2 months, the median duration of 
response had yet to be reached. Prom-
inent adverse events included nausea, 

vomiting, myelosuppression, gastroin-
testinal disturbances, and fever, which 
led to a treatment discontinuation rate 
of 17%.

Targeted therapy for relapsed/
refractory NHL

Dasatinib,* a multitargeted tyro-
sine kinase inhibitor, was evaluated 
in a phase I/II clinical trial involving 
patients with relapsed or refractory 
NHL (Table 2).9 Investigators en-
rolled 27 patients who had progres-
sive or recurrent disease in response 
to treatment with one or more prior 
regimens. Of 19 patients evaluable 
for response, 2 patients (11%), both 
with PTCL, had a CR that lasted for 
more than 2 years. Additionally, four 
patients (21%) had a PR, and eight 
patients (42%) had stable disease. The 
PFS was 17% at 1 year and 13% at 2 
years. Overall survival was 60% at 1 
year and 50% at 2 years. Notable ad-
verse events included myelosuppres-
sion and pleural effusion.

Early, unfavorable Hodgkin’s lymphoma
The German Hodgkin Study 

Group conducted a multicenter trial 
involving 1,655 patients with stages 
I–IIA Hodgkin’s lymphoma with un-
favorable characteristics (bulky dis-
ease, elevated sedimentation rate).10 
Patients were randomized to receive 
either four cycles of the multidrug 
ABVD (doxorubicin, bleomycin, vin-

TABLE 2

Dasatinib in relapsed or  
refractory NHL
n	 Inhibits BCR-ABL, SRC, c-KIT, PDGF 

receptors (α and β), and ephrin (EPH) 
receptor kinases

n	 100–200 mg daily
n	 N = 27 patients
n	 Two patients with T-cell NHL: both 

achieved a complete response and 
remained in remission for over 2 years

n	 Adverse events: pleural effusion, 
myelosuppression

NHL = non-Hodgkin’s lymphoma
Adapted, with permission, from William et al9
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blastine, dacarbazine) chemotherapy 
regimen or two cycles of dose-esca-
lated BEACOPP (bleomycin, etopo-
side, doxorubicin, cyclophosphamide, 
vincristine, procarbazine, prednisone) 
chemotherapy followed by two cycles 
of ABVD. All patients received in-
volved-field radiation therapy.

The BEACOPP regimen was as-
sociated with an ORR of 95%, com-
pared with 89% with ABVD. Howev-
er, dose-escalated BEACOPP proved 
to be considerably more toxic, with an 
adverse event rate of 87%, compared 
with 51% with four cycles of ABVD. 
Despite the added toxicity, the inves-
tigators proclaimed the BEACOPP 
regimen the new standard of care in 
Germany for unfavorable Hodgkin’s 
lymphoma.

Extensive/advanced 
Hodgkin’s lymphoma

The ABVD regimen emerged 
from a cooperative group trial as the 
continued standard of care for lo-
cally extensive and advanced-stage 
Hodgkin’s lymphoma.11 Conducted 
by the Eastern Cooperative Oncolo-
gy Group, the trial compared ABVD 
and the multimodality Stanford V 
regimen in 812 patients (Table 3). 
Both regimens resulted in CR rates 
of about 70%, with PRs in 7%–8% 
of patients and stable disease in 8%–
10% of patients. The Stanford V regi-
men was associated with a higher in-
cidence of grade 3 lymphopenia and 
of grade 3/4 peripheral neuropathy.

Older patients with 
Hodgkin’s lymphoma

Investigators from the German 
Hodgkin Study Group analyzed data 
on subgroups of 68 and 49 patients 
older than 60 years who participat-
ed in two clinical trials of early-stage 
Hodgkin’s lymphoma.12 Patients old-
er than 60 years account for about 
20% of all Hodgkin’s lymphoma pa-
tients. All patients received four cy-
cles of ABVD chemotherapy.

The ORR was 90%–92%, and the 

number of patients who achieved a 
CR was similar to that observed in 
younger patients. However, the old-
er patients had high rates of adverse 
events, which frequently were severe. 
During a median follow-up of 92 
months, 37% of the over-60-year-old 
patients in one of the trials and 22% 
in the other died of the disease or 
treatment-related toxicity. The 5-year 
PFS was 79% for the older patients 
versus 96% among younger patients 
in the same trials.

Relapsed/refractory 
Hodgkin’s lymphoma

Although Hodgkin’s lymphoma 
represents a success story in oncology, 
some patients do relapse or develop 
treatment-refractory disease. Patients 
with relapsed or refractory Hodgkin’s 
lymphoma receive a variety of thera-
pies, but no clear standard exists. In-
vestigators in a multinational trial 
evaluated the antibody-drug conju-
gate brentuximab vedotin (SGN-35) 
in 102 patients, 70% of whom had re-
lapsed within 3 months.13 All of the 
patients had previously undergone 
autologous stem cell transplantation.

Brentuximab vedotin consists of 
an anti-CD30 antibody fused to the 
toxin monomethyl auristatin E. The 
antibody binds to the surface of ma-
lignant CD30-positive cells and re-
leases the toxin inside the cells.

The treatment resulted in an ORR 
of 95%, including CRs in 34% of pa-
tients. More than 80% of patients 
treated with brentuximab vedotin had 
a decrease in constitutional symp-
toms. The median time on study was 
27 weeks. Adverse events included 
peripheral neuropathy, myelosup-
pression, diarrhea, and fever, none of 
which proved to be dose limiting.

Relapsed/refractory anaplastic 
large-cell lymphoma

Investigators in another multina-
tional trial reported results from an 
evaluation of brentuximab vedotin 
in patients with relapsed or refracto-
ry anaplastic large-cell lymphoma.14 
The report included 30 of 58 patients 
enrolled thus far. The ORR was 87%, 
including CRs in 57% of patients. 
The patients in the trial had received 
a median of two prior regimens, and 
eight had an unsuccessful autologous 
stem cell transplant. Adverse events 
included peripheral neuropathy and 
myelosuppression, which was not 
dose limiting.

Heavily pretreated relapsed/
refractory Hodgkin’s lymphoma

This phase II study included 129 
patients, all of whom had undergone 
autologous stem cell transplantation. 
Most had relapsed or progressed on 
more than four prior regimens.15 The 
patients received panobinostat,* a po-
tent HDAC inhibitor, three times 
weekly. The ORR was 27%, and the 
time to response averaged 7.4 weeks. 
PFS was 5.7 months. The somewhat 
modest activity should be considered 
within the context of a heavily pre-
treated patient population with lim-
ited treatment options.

Relapsed/refractory NHL
The oral PI3-kinase inhibitor 

CAL-101 was evaluated in 55 patients 
with relapsed or refractory NHL.16 
The therapy resulted in an ORR of 
62% in a population that included pa-
tients with indolent and mantle cell 

TABLE 3

ECOG E2496: ABVD vs Stanford V
n	 N = 812 patients
n	 ABVD given for 6–8 weeks vs Stanford 

V for 12 weeks (XRT > 5 cm)
n	 Complete response rate (~ 70%) same
n	 Five-year overall survival: 88% for ABVD 

vs 87% for Stanford V
n	 Adverse events: Stanford V associated 

with more grade 3 lymphopenia and 
grade 3/4 peripheral neuropathy

n	 Conclusion: ABVD remains the standard 
of care

ECOG = Eastern Cooperative Oncology Group; 
ABVD = doxorubicin, bleomycin, vinblastine, and 
dacarbazine; XRT = X irradiation
Adapted, with permission, from Gordon et al11
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lymphoma. The PFS was 6–16 months 
in patients with indolent lymphoma 
and 1–8 months in patients with man-
tle cell lymphoma. The therapy was 
well tolerated.

Conclusion
Results of these and other clini-

cal trials reported at the 2010 ASH 
meeting reflect the view of lympho-
ma emerging from ongoing basic and 
clinical research. Evolving treatment 
paradigms increasingly will integrate 
immunotherapeutic agents without 
discarding the potential benefits af-
forded by traditional chemotherapy.
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S ystemic therapy for non-small cell lung 
cancer (NSCLC) has evolved rapidly 
within the past decade. Clinicians have 
multiple options for first-line therapy, 
and the standard of care continues to 

change as new agents and new data become available. 
The concept of maintenance therapy has followed 
the expansion of options for first-line treatment. Al-
though maintenance therapy has supporters in on-
cology, the topic remains controversial because, until 
recently, no clinical trial has demonstrated a survival 
advantage with maintenance therapy. The discovery 
that NSCLC often expresses the epidermal growth 
factor receptor (EGFR) has established a therapeu-
tic role for EGFR inhibitors, which have been shown 
to extend survival in patients with EGFR-positive 
NSCLC. Despite the advances in therapy, the long-
term prognosis remains poor for most patients and 
fuels the ongoing search for more effective treatments.

First-line treatment options
Although the long-term outlook remains poor 

for lung cancer, advances in treatment have improved 
survival in the short term. Prior to 1980, treatment 
was limited to alkylating agents, which were asso-
ciated with a 1-year survival of 12%–15%. During 
the 1980s, cisplatin-based doublets improved 1-year 
survival to about 25%. In the 1990s, new platinum-
based doublets were associated with further im-
provement in 1-year survival to about 35%. Since the 
middle of the past decade, other agents have begun 
to show promise for improving the long-term out-
look in NSCLC.

The role of histology
The histology of NSCLC has established a di-

viding point for treatment options. About 25% of 
NSCLCs are squamous cell cancers, and the re-
maining 75% have a nonsquamous histology. In 
most cases, squamous cell cancers are best treated 
with platinum-based therapy. Commonly used dou-
blets include cisplatin or carboplatin paired with 
paclitaxel, docetaxel,* gemcitabine,* or vinorelbine.

For patients with nonsquamous NSCLC, the 
treatment pathway begins with EGFR mutation 
status. About 20% of nonsquamous tumors have 
EGFR mutations and will be treated with EGFR 
tyrosine kinase inhibitors. The 80% of patients with 
wild-type EGFR are further divided into those with 
and without hemoptysis. Patients with no hemop-
tysis often receive carboplatin plus paclitaxel and 
bevacizumab or a platinum agent plus pemetrexed. 
Nonsquamous NSCLC with hemoptysis usually is 
treated most effectively with the combination of a 
platinum agent and pemetrexed.

Bevacizumab
In the middle of the past decade, the introduc-

tion of bevacizumab for treatment of nonsquamous 
NSCLC represented another advance. Half of pa-
tients treated with platinum-based chemotherapy 
combined with this angiogenesis inhibitor are alive 
at 1 year. Two randomized clinical trials played a 
pivotal role in establishing bevacizumab as a com-
ponent of first-line therapy for NSCLC: Eastern 
Cooperative Oncology Group (ECOG) 4599 and 
the Avastin in Lung Cancer (AVAIL) trial.

In ECOG 4599, patients in both arms of the 
trial received paclitaxel-carboplatin chemotherapy 
and were randomized to receive bevacizumab or 
placebo.1 The primary outcome was overall survival 
(OS). The results showed that the addition of beva-
cizumab was associated with significant improve-
ment in survival at 12 months compared with pla-
cebo (51.0% vs 44.4%) and 24 months (22.0% vs 
15.4%). The difference translated into a 20% reduc-
tion in the risk of death (hazard ratio [HR], 0.80; 
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P = 0.003). Median OS was 12.3 
months with bevacizumab and 10.3 
months without it.

The AVAIL trial had a design sim-
ilar to that of ECOG 4599 but em-
ployed a cisplatin-gemcitabine dou-
blet.2 Patients were randomized to 
receive bevacizumab (7.5 or 15 mg/kg) 
or placebo in addition to chemothera-
py, and the primary endpoint was pro-
gression-free survival (PFS). When 
the trial ended, median PFS was 6.7 
months in the bevacizumab 7.5 mg/kg 
arm and 6.5 months in the bevacizum-
ab 15 mg/kg arm, both of which were 
significantly better than the 6.1-month 
median PFS for patients who received 
placebo (P = 0.00026 and P = 0.0301, 
respectively). Median OS, the second-
ary endpoint, did not differ signifi-
cantly, ranging from 13.1 months to 
13.6 months in the three groups.

Pemetrexed
Another recent development has 

been the emergence of pemetrexed 
as a potential option for first-line 
treatment of NSCLC. Pemetrexed 
is a multitargeted antifolate agent 
that primarily targets thymidylate 
synthase. Encouraging results have 
come from a phase II trial that eval-
uated carboplatin-pemetrexed che-
motherapy plus bevacizumab.3,4 Pa-
tients initially received bevacizumab 
maintenance therapy, which later was 
changed to maintenance with both 
bevacizumab and pemetrexed. Al-
though small (n = 51), the trial dem-
onstrated a 55% overall response 
rate (ORR) and a median OS of 14 
months. The regimen was associated 
with a fairly modest amount of grade 
3/4 toxicity, including hematologic 
and nonhematologic toxicities.

An ongoing 900-patient random-
ized trial should provide answers about 
the role of pemetrexed in first-line 
therapy for advanced NSCLC. In one 
group, patients receive pemetrexed, car-
boplatin, and bevacizumab, followed by 
maintenance therapy with both peme-
trexed and bevacizumab. The second 

group receives paclitaxel, carboplatin, 
and bevacizumab, followed by mainte-
nance therapy with bevacizumab alone. 
The primary endpoint is OS. The trial 
began enrollment in December 2008 
and has an anticipated completion date 
of January 2012.

Contemporary issues
The search for optimal first-line 

chemotherapy for advanced NSCLC 
has addressed several key questions 
along the way. Each answer has helped 
provide focus for future investigations.

Cycles of therapy
Multiple studies extending back 

more than 20 years have addressed 
this issue with respect to platinum-
based chemotherapy. Most often, the 
studies have compared three or four 
cycles of therapy versus six. To date, 
no trial has shown a survival benefit 
with extended-duration chemothera-
py, either individually or with pooled 
data from all of the trials.

Nonplatinum maintenance therapy
Four trials have addressed this is-

sue since 2003: one evaluated paclitaxel 
maintenance, two evaluated gemcita
bine maintenance, and one evaluated 
maintenance with either gemcitabine 
or erlotinib.5–8 Two of the trials showed 
that maintenance therapy with the 
nonplatinum agent slowed the pro-
gression of NSCLC,6,8 but none of 
them demonstrated a survival benefit.

Other maintenance options
Other nonplatinum options for 

maintenance therapy have been ex-
amined in five clinical trials, some of 
which have yielded encouraging and 
important results.9–13 Four of the five 
trials showed significant improvement 
in PFS when patients received a dif-
ferent drug from the ones used during 
induction.10–13 More important, two 
of the trials demonstrated significant 
improvement in OS when patients re-
ceived a different drug during main-
tenance therapy.11,13 One of the two 

trials that showed improved survival 
compared maintenance therapy with 
pemetrexed versus observation af-
ter induction with regimens that did 
not include pemetrexed.11 The other 
trial (ATLAS) evaluated two differ-
ent chemotherapy regimens plus bev
acizumab followed by maintenance 
therapy with bevacizumab alone or in 
combination with erlotinib.12

The trial of pemetrexed mainte-
nance constituted a landmark de-
velopment in the treatment of 
NSCLC.11 Patients received induc-
tion with a platinum agent plus a 
taxane or gemcitabine. They were 
randomized to receive pemetrexed 
maintenance therapy or observa-
tion. The intention-to-treat analysis 
showed a 40% reduction in the risk of 
disease progression and a 21% reduc-
tion in the risk of death in patients 
treated with pemetrexed. Subgroup 
analysis showed that the overall ben-
efits were due entirely to pemetrexed’s 
activity against tumors with nonsqua-
mous histology. That subgroup had a 
53% reduction in the risk of disease 
progression (P < 0.00001) and a 30% 
reduction in the risk of death (P = 
0.002).

In the SATURN trial of erlotinib 
maintenance therapy,13 almost 2,000 
patients received platinum-based che-
motherapy, and those who did not have 
progressive disease on treatment were 
randomized to receive maintenance 
therapy with erlotinib or placebo. The in-
tention-to-treat analysis showed a 29% 
reduction in the risk of disease progres-
sion with erlotinib maintenance therapy 
(P < 0.0001) compared with placebo.

Subgroup analyses revealed two 
specific types of patients who de-
rived particular benefit from erlotinib: 
those who were positive for EGFR 
expression by immunohistochemistry 
and those who had wild-type EGFR 
tumors as opposed to tumors with 
EGFR mutations (a 23% reduction in 
the risk of disease progression in both 
subgroups). EGFR mutation carriers 
had substantial improvement in PFS, 
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but more than 70% of patients in the 
control arm crossed over to erlotinib 
in second-line treatment. As a result, 
OS did not improve significantly in 
that subgroup of patients.

Two key issues in maintenance 
therapy remain unresolved: (1) the 
value of pemetrexed maintenance af-
ter first-line treatment with peme-
trexed and (2) the potential benefit of 
extending maintenance with bevaciz
umab. Both of the issues are being ad-
dressed in ongoing clinical trials.

First-line use of EGFR inhibitors
Five randomized clinical trials 

have compared EGFR tyrosine ki-
nase inhibitors with chemotherapy as 
first-line treatment for NSCLC.14–18 
Four trials evaluated gefitinib,* 14–17 
and one trial evaluated erlotinib.* 18 
Two of the trials initially enrolled pa-
tients who were nonsmokers or light 
former smokers.14,15 Investigators in 
both trials collected tissue samples to 
evaluate the subset of patients with 
EGFR mutations. The other three 
trials limited enrollment to patients 
with EGFR mutations.16–18

All five studies showed a profound 
impact of EGFR inhibition on PFS, 
at least a doubling of PFS in most 
cases. Additionally, treatment with 
EGFR inhibitors was associated with 
about a twofold increase in objective 
response rates, from 35%–45% with 
chemotherapy to 70% or higher with 
the targeted therapy. One-year sur-
vival exceeded 80% in some cases.

The overwhelming majority of 
patients initially treated with che-
motherapy in these trials eventually 
crossed over to the EGFR inhibitor. 
Results from most of the studies sug-
gested that patients had better out-
comes when treated initially with an 
EGFR inhibitor, reserving chemo-
therapy for second-line treatment. An 
ongoing meta-analysis of the trials 
will show whether starting treatment 
with an EGFR inhibitor is superior 
to first-line chemotherapy.

These trial results have made a 

strong case for EGFR tyrosine ki-
nase inhibitors as first-line treatment 
options in advanced NSCLC. How-
ever, none of the agents has received 
US Food and Drug Administration 
approval for that indication, even 
though EGFR inhibitors have be-
come a worldwide standard for first-
line therapy.

Inhibiting signal 
transduction

The importance of EGFR in 
NSCLC comes from the fact that 
only 12 signal transduction pathways 
are known to exist, and the EGFR re-
ceptor complex (ErbB1 and ErbB2) 
employs 5 of them. The pathways are 
activated as a result of cross-phos-
phorylation of internal constitu-
ents and the intracellular domain of 
EGFR. Some of the pathways drive 
proliferation; others inhibit apoptosis.

Several years ago, scientists discov-
ered that a substantial proportion of 
patients with NSCLC harbor muta-
tions in the adenosine triphosphate 
(ATP)-binding domain of EGFR. 
Inhibition of ATP prevents phos-
phorylation and activation of the in-
tracellular domain of EGFR. In ex-
periments involving mutated and 
normal (wild-type) EGFR, gefitinib 
demonstrated 200-fold greater bind-
ing avidity for mutated EGFR.19 
The increased binding avidity trans-
lates into 100-fold greater inhibition 
of ATP in mutated versus wild-type 
EGFR.

In the clinical setting, the increased 
avidity of drugs such as gefitinib and 
erlotinib for mutated EGFR has led 
to dramatic responses. Such was the 
case with one of the first patients with 
NSCLC in the United States treated 
with gefitinib. The patient, who had 
never smoked, had a massive hepatic 
lesion that decreased to less than half 
its size within 3 weeks of beginning 
treatment with gefitinib.

About 20 years ago, oncology re-
searchers learned that cancer is a dis-
ease not only of abnormal cellular pro-

liferation but also of abnormal cellular 
survival. Arguably, development of 
therapies that target abnormal survival 
and induce apoptosis has had a greater 
impact on cancer survival than has the 
ability to control cell proliferation.

Apoptosis involves both extrinsic 
and intrinsic pathways, which termi-
nate in a common pathway.20 Many 
chemotherapeutic agents work by 
triggering the intrinsic pathways of 
apoptosis, ultimately inhibiting anti-
apoptotic signaling in both types of 
pathways. The five signaling pathways 
activated by ErbB1 and ErbB2 be-
come antiapoptotic pathways in the 
presence of receptor mutations. Inhibi-
tion of aberrant signaling by an EGFR 
inhibitor restores normal signaling and 
allows apoptosis to proceed.21

Some agents target the extrin-
sic pathways of apoptosis, such as 
the monoclonal antibody cetuximab. 
The results are not the same as those 
achieved with agents that target the 
intrinsic pathways. The relative activity 
of gefitinib and cetuximab* was evalu-
ated in NSCLC cell lines with normal 
and mutated EGFR.22 The two agents 
had similar activity in cells with wild-
type EGFR, but cetuximab demon-
strated only modest activity, at best, in 
cells with mutated EGFR. In contrast, 
gefitinib robustly induced apoptosis in 
cells with mutated EGFR.

Inhibition of EGFR also has rel-
evance because of a phenomenon 
known as oncogene addiction, which 
might be considered the Achilles heel 
of cancer. Despite the presence of 
multiple genetic and epigenetic ab-
normalities, cancer cells remain de-
pendent on—or addicted to—a few 
genes for survival.23 Evidence of this 
phenomenon has come from trans-
genic mouse models of human cancer, 
studies of human cancer cell lines, and 
clinical trials of molecularly targeted 
drugs.23 Clinical studies of NSCLC 
have consistently shown that inhibi-
tion of mutated EGFR slows disease 
progression and may confer an OS 
advantage.
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Beyond EGFR

About 20% of NSCLC tumors 
have EGFR mutations. Recent stud-
ies have identified other mutations, 
which will continue to fuel the search 
for more specific and effective thera-
pies. Even more common are muta-
tions in KRAS, occurring in 25% of 
NSCLC cases. Thus far, efforts to de-
velop therapies that target KRAS mu-
tations have met with little success. 
However, identification of other types 
of mutations in NSCLC has provid-
ed new opportunities for therapeutic 
development.

Another subgroup of NSCLC 
has mutations in EML4-ALK. Seven 
variants have been identified. The in-
vestigational drug crizotinib targets 
EML4-ALK transversion, and early 
clinical trials have yielded encouraging 
results. In one study, 10 of 18 patients 
with heavily pretreated NSCLC had 
an objective response to crizotinib, in-
cluding some profound responses that 
occurred as early as 4 weeks.24

Unfortunately, tumor cells develop 
resistance to once-effective therapy. 
Oncogene addiction exerts strong se-
lective pressure for emergence of mu-
tated cells that restore the abnormal 
downstream signaling to which the 
cells originally were addicted. Any 
of the five signal transduction path-
ways involved in aberrant signaling 
may render cells resistant to therapy. 
Ultimately, combination therapy that 
simultaneously targets more than one 
pathway will be needed for more ef-
fective control of NSCLC.
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M elanoma has the fastest-rising 
incidence of all cancers. The 
disease poses multiple chal-
lenges that distinguish it from 
other solid tumors, including 

early age at onset, early metastatic potential, early 
involvement of the central nervous system (CNS), 
and a historic lack of effective nonsurgical therapies.

Also, in contrast to other solid tumors, mela-
noma has proven to be largely refractory to con-
ventional chemotherapy, which has rarely produced 
complete responses (CRs). Biologic agents have 
shown some promise, and chemoimmunotherapeu-
tic strategies even more. Unfortunately, the inability 
to inhibit CNS seeding has limited the success of 
even the most promising therapies—until recently. 
Within the past year, the emergence of ipilimumab 
and agents that target BRAF has amounted to a 
breakthrough in the treatment of melanoma. Not 
surprisingly, the new therapies appear to have an 
effect on CNS seeding.

The largely ineffective therapies of the past have 
given way to a new generation of agents and strate-
gies that appear to offer promise for better disease 
control. The new therapies fall into several broad 
categories: targeted chemotherapy, angiogenesis 
inhibition, targeted immunotherapy, and targeted 
MAP kinase therapy.

Targeted chemotherapy
The leader in this category is nanoparticle albu-

min-bound (nab) paclitaxel.* The therapy makes 
use of nanotechnology to deliver a cytotoxic drug 
directly to the tumor. The first real test of the ther-
apy came in a phase II trial involving 74 patients 
with previously treated and untreated metastat-
ic melanoma.1 Few patients had a CR, but about 
half had a durable partial response (PR) and stable 
disease. The results immediately distinguished nab-
paclitaxel from any prior single-agent therapy for 
melanoma.

As compared with historic data, the results of 
the phase II study showed improvement in progres-
sion-free survival (PFS) and overall survival (OS). 

The drug appeared to be especially active in pa-
tients who had normal levels of lactate dehydroge-
nase (LDH), resulting in a median OS of about 21 
months (Table 1).

The encouraging results of the phase II study led 
to a much larger phase III randomized clinical trial 
comparing nab-paclitaxel with dacarbazine in more 
than 500 patients with untreated metastatic mela-
noma. If the results resemble those of the phase II 
trial, nab-paclitaxel could win approval in the near 
future as a treatment for metastatic melanoma.

Angiogenesis inhibition
Bevacizumab* in combination with chemother-

apy has demonstrated activity in several types of 
solid malignancies, creating interest in evaluating 
this therapeutic strategy in melanoma. The interest 

TABLE 1

Phase II results of nab-paclitaxel in melanoma
	 Prior treatment	 No chemotherapy 
Outcome	 (n = 37)	 (n = 37)

Progression-free 
survival, months

Median duration	 3.5	 4.6

Normal LDH level	 3.6	 8.1

Elevated LDH level	 1.8	 3.5

Overall survival, 
months

Median duration	 12.1	 9.6

Normal LDH level	 > 20.6	 21.3

Elevated LDH level	 8.5	 5.6

LDH = lactate dehydrogenase
Adapted, with permission, from Hersh et al1
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led to a phase II randomized trial to 
compare carboplatin-paclitaxel che-
motherapy with or without bevaci-
zumab in 200 patients with untreated 
metastatic melanoma.2

Patients were randomized 2:1 to 
receive chemotherapy plus bevaci-
zumab or placebo, and the primary 
endpoint was PFS. The objective re-
sponse rate was modest in both treat-
ment arms (25.5% with bevacizumab, 
16.4% without), and only 1%–2% of 
patients in each arm had a CR. Half 
of the patients in the bevacizumab 
group had stable disease or better re-
sponse at 6 months, compared with 
37% in the placebo group.

Patients who received bevacizu
mab had a trend toward improved 
PFS (5.6 months vs 4.2 months in 
those who received placebo), but the 
difference did not achieve statisti-
cal significance (P = 0.14). Although 
lacking statistical power to evaluate 
survival, the trial showed almost a 
4-month difference in median surviv-
al favoring the bevacizumab arm in a 
preliminary analysis (12.3 months vs 
8.6 months). The difference trans-
lated into a 33% reduction in the 
risk of death (P = 0.04). With longer 
follow-up, however, the statistically 
significant survival advantage disap-
peared (12.3 months vs 9.2 months; 
hazard ratio [HR], 0.79; P = 0.19), 
although the trend in improved sur-
vival persisted.

Although subgroup analysis can 
create misleading impressions, beva-
cizumab appeared to perform espe-
cially well in poor-prognosis patients, 
ie, those with extensive visceral tu-
mor involvement and elevated levels 
of LDH. A trial limited to high-risk 
patients is still in the proposal stage.

Targeted immunotherapy
Great care should be taken in us-

ing the term “breakthrough” in the 
field of medicine, particularly oncol-
ogy. However, the emergence of the 
targeted immunotherapeutic agent 
ipilimumab has qualified for that de-

scriptive term by shifting the treat-
ment paradigm. The agent is the first 
therapy to demonstrate a survival ad-
vantage in metastatic melanoma.

Ipilimumab blocks cytotoxic T 
lymphocyte-associated antigen 4 
(CTLA-4) to potentiate the antitu-
mor T-cell response. Costimulation 
of CD28 and B7 leads to T-cell acti-
vation in response to a virus or other 
threat. CTLA-4 acts as a kind of bio-
logic brake by downregulating the T-
cell response after the threat has been 
neutralized. In melanoma, maintain-
ing T-cell activation and response is 
desirable, and ipilimumab does that 
by inhibiting CTLA-4.

In phase I–II clinical trials in-
volving patients with advanced mel-
anoma, ipilimumab resulted in du-
rable responses (objective response 
plus stable disease) in 20%–30% of 
patients. Durable late responses oc-
curred in 10% of patients. Because 
targeted immunotherapy constitutes 
a shift in the clinical paradigm, ob-
jective responses have less importance 
for this type of  therapy than for other 
types of cancer therapy.

The primary goal of targeted im-
munotherapy is to contain the can-
cer, not eradicate it. That objective as-
sumes great importance in melanoma 
because of the disease’s propensity to 
spread quickly to the liver and CNS. 
In early studies involving melano-
ma patients, ipilimumab treatment 
achieved long-term disease control 
about a third of the time, and in many 
cases the control lasted for years, not 
months.

As would be expected, toxicity 
characteristic of an overactive im-
mune system correlated with clinical 
benefit. In fact, emergence of autoim-
munity is desirable because it indi-
cates the therapy has a higher chance 
of working. Treatment with an im-
munosuppressive agent to control au-
toimmune toxicity does not interfere 
with the antitumor response.

A dose-escalation study showed that 
higher doses of ipilimumab resulted in 

few objective responses, a maximum of 
11% with the highest dose.3 However, 
the highest dose (10 mg/kg) led to a 
disease-control rate of about 30%. In-
vestigators had to adjust to the de-em-
phasis on objective responses and the 
increased importance of disease con-
trol. The 10 mg/kg dose of ipilimumab 
also resulted in the best survival, a me-
dian of 11.4 months. The 1-year surviv-
al was almost 50%, and 30% of patients 
were still alive at 2 years.3

A trial of ipilimumab as second-
line therapy for metastatic melano-
ma yielded similar encouraging re-
sults.4 Patients treated with the 10 
mg/kg dose had a median OS of 10.2 
months.

Delayed response is another un-
usual aspect of treatment with this 
monoclonal antibody. About 10% of 
patients have disease progression dur-
ing the first 12 weeks of treatment, 
and then the lesions begin to regress. 
In some cases, late responses have 
been dramatic. Intuitively, the obser-
vation makes sense because the im-
mune system requires time to achieve 
a level of T-cell activation sufficient 
to control cancer growth. Delayed re-
sponses occur independently of ear-
ly disease control, meaning that the 
overall rate of disease control could 
be in the range of 40%.

Immune-related toxicity affects 
four organ systems: the skin, gastro-
intestinal tract, pituitary gland, and 
liver. The skin toxicity typically mani-
fests as a maculopapular rash, which 
may resolve without treatment. Per-
sistent rash can be managed effective-
ly with topical corticosteroids. About 
30% of patients develop colitis, which 
is severe enough to require treatment 
about half of the time.5,6 Patients 
might have as many as 10 loose or 
watery bowel movements a day. The 
colitis usually responds to high-dose 
corticosteroids (1 mg/kg), continued 
for 4–6 weeks and then tapered. Be-
tween 5% and 15% of patients de-
velop pituitary toxicity, which pres-
ents as fatigue, headache, or vision 
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disturbances.6 Most patients respond 
to corticosteroids or thyroid replace-
ment hormone, and men can be treat-
ed with testosterone therapy. Some 
patients may require lifelong hor-
mone therapy, but the trade-off is of-
ten control of the cancer.

A pivotal phase III trial of ipilimu
mab involved patients with previous-
ly treated, poor-prognosis melanoma: 
pretreated, unresectable, stage III/
IV disease, 70% frequency of viscer-
al metastases, and 40% frequency of 
an elevated LDH level.7 Almost 700 
patients were randomized 3:1:1 to re-
ceive ipilimumab plus the gp100 vac-
cine, ipilimumab plus placebo, or the 
gp100 vaccine plus placebo.

The primary endpoint was sur-
vival. Ipilimumab with or without 
the gp100 vaccine reduced the risk of 
death by more than 30% compared 
with the gp100 vaccine plus placebo 
(ipilimumab plus gp100, P = 0.0004; 
ipilimumab alone, P = 0.0026). Treat-
ment with ipilimumab was associat-
ed with a median OS of more than 
10 months, which is a large increase 
for a disease that typically has a me-
dian survival of 6 months. About 45% 
of ipilimumab-treated patients were 
alive at 1 year, and 2-year survival ex-
ceeded 20% in both ipilimumab arms. 
The study was historic as the first ran-
domized, phase III clinical trial to 
show improved survival in metastatic 
melanoma.

Ipilimumab represents a new class 
of T-cell potentiators and an impor-
tant advance in the field of immuno-
oncology. Clinical development of 
ipilimumab is ongoing and includes 
evaluation in a variety of other can-
cer types and settings, studies of al-

ternative combination regimens, and 
refinements in dose and schedule.

Targeted MAP kinase  
therapy

The MAP kinase (MAPK) path-
way comprises several attractive tar-
gets for therapy in melanoma, in-
cluding BRAF, c-Kit, and Mek. 
About one-half of cutaneous mela-
nomas have BRAF mutations, mak-
ing BRAF an important proliferative 
and survival pathway. Recognition of 
BRAF mutations did not occur until 
1992. Sorafenib was one of the first 
known inhibitors of BRAF, but the 
activity is fairly weak compared with 
the new generation of inhibitors in 
development. Preliminary clinical 
studies with sorafenib in metastatic 
melanoma concluded with negative 
results.

In contrast to the experience with 
sorafenib, the first results in mela-
noma with the selective BRAF in-
hibitor vemurafenib (PLX4032) 
were impressive, as 19 of 27 patients 
(70%) had objective responses, some 
of which were dramatic.8 Only two 
patients had tumor growth during 
treatment with vemurafenib, and the 
growth was minimal in one patient. 
Unfortunately, the durability of re-
sponses frequently has been less than 
desired, a median of 6–9 months.

Blocking the BRAF pathway alone 
might not be sufficient to achieve 
prolonged responses with consistency. 
Downstream from BRAF, Mek ap-
pears to be upregulated and may play 
a role in the development of resis-
tance to BRAF inhibition. Studies of 
combination therapy with inhibitors 
of BRAF and Mek have just begun, 

and the goal is to achieve durable re-
sponses with greater frequency.
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M en with early-stage prostate 
cancer have multiple treatment 
options, including radical pros-
tatectomy, radiation therapy, 
active surveillance, and cryo-

therapy. If the disease progresses after local treat-
ment, the number of options dwindles.

Treatment options for advanced prostate cancer 
consist primarily of hormonal therapies, including 
gonadotropin releasing hormone (GnRH) agonists 
(such as leuprolide and goserelin) and antiandro-
gens (such as bicalutamide, flutamide, and niluta-
mide). Within the past year, a new hormonal op-
tion became available with the introduction of the 
GnRH antagonist degarelix.

Until recently, progression to castration-resis-
tant prostate cancer (CRPC) left men with few op-
tions. That changed with the results of two clinical 
trials showing that docetaxel improved survival in 
men with advanced prostate cancer.1,2 For the next 
6 years, however, patients whose disease progressed 
during treatment with docetaxel had only the lim-
ited options available (Table 1).  

Within the past year, three new therapies have 
been approved by the US Food and Drug Admin-
istration (FDA) for advanced prostate cancer: a 
new-generation tubulin-binding taxane, cabazitax-
el; sipuleucel-T immunotherapy; and an androgen 
synthesis inhibitor, abiraterone. Additionally, den
osumab received FDA approval for prevention of 
skeletal-related events (SREs) associated with bone 
metastases in patients with advanced solid tumors. 
In contrast to prior experience with advanced pros-
tate cancer, the near future appears to offer reasons 
for optimism.

Illustrative case: a 64-year-old 
man with lower back pain

The patient had refused prostate-specific antigen 
(PSA) assessment in the past because of a belief that 
the screening test offered no benefit to life expec-
tancy. Upon development of lower back pain and 
at the physician’s urging, due to a strong suspicion 
of prostate cancer, the man agreed to a PSA test, 
which revealed a level of 225 ng/mL. A prostate 
biopsy showed cancer in all six cores and a Gleason 
score of 8. Bone and CT scans confirmed metastat-

ic disease in the lumbar spine, ribs, and iliac crest.
The patient began hormonal therapy, consisting 

of oral bicalutamide for 1 week, followed by leupro-
lide injection. One month later, the man’s PSA level 
had declined to 25.2 ng/mL. A PSA nadir of 1.2 
ng/mL occurred 5 months after initiation of andro-
gen deprivation therapy (ADT) but then began to 
rise, and the patient reported mild pain in the lum-
bar spine.

Despite ADT, the patient’s PSA level increased 
to 3.3, 4.9, and 6.8 ng/mL on three consecutive 
monthly measurements. A bone scan revealed in-
creased tracer uptake in the lumbar spine, ribs, and 

table 1

Current therapeutic options for  
castration-resistant prostate cancer
Secondary hormonal manipulations
n	 Abiraterone
n	 Antiandrogen withdrawal
n	 Antiandrogen administration
n	 Adrenal suppressives (ketoconazole)
n	 Corticosteroids (prednisone, dexamethasone, etc)
n	 Estrogens (diethylstilbestrol, etc)

External-beam radiation therapy

Intravenous bone-seeking radioisotopes
n	 Samarium-153-EDTMP
n	 Strontium-89

Bone-targeted agents
n	 Zoledronic acid and denosumab

Chemotherapy
n	 Mitoxantrone
n	 Docetaxel
n	 Estramustine
n	 Cabazitaxel

Immunotherapy
n	 Sipuleucel-T
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iliac crest, consistent with metastatic 
disease. Treatment with zoledronic 
acid was instituted in an effort to pre-
vent SREs.

The patient’s PSA level contin-
ued to rise, and bicalutamide was 
stopped, with the hope of an antian-
drogen withdrawal response. The pa-
tient progressed to metastatic CRPC. 
Eight weeks later, the patient’s PSA 
level had risen to 15.9 ng/mL, de-
spite antiandrogen withdrawal. Pain 
had worsened, and the patient began 
taking oxycodone with acetamino-
phen for pain relief. After a discussion 
about chemotherapy, the patient opt-
ed for secondary hormonal manipula-
tion as the next therapeutic approach.

The patient’s PSA level stabilized 
during the first 2 months of treat-
ment with ketoconazole and hydro-
cortisone but then rose to 45 ng/mL 
2 months later. The patient began tak-
ing docetaxel in combination with 
prednisone. The PSA level declined 
by 40% after 3 months but then start-
ed to rise again. After seven cycles of 
docetaxel therapy, the PSA level be-
gan to rise quickly and was associated 
with increasing pain in the lower back.

A bone scan confirmed metastatic 
lesions in the lumbar spine. The pa-
tient was referred for radiation thera-
py, and treatment with docetaxel was 
stopped. 

The patient continues to have 
good performance status. Options af-
ter radiation therapy include a clini-
cal trial of hormonal therapy or one 
of the newly approved therapies for 
advanced prostate cancer: cabazitaxel, 
sipuleucel-T, or abiraterone.

The first survival benefit
Docetaxel received FDA approval 

on the basis of results from two ran-
domized clinical trials involving al-
most 1,800 men with CRPC.1,2 In 
one trial, patients received mitoxan-
trone and prednisone or one of two 
doses of docetaxel plus prednisone.1 
In the second study, patients were 
randomized to receive mitoxantrone 

and prednisone or to the combination 
of docetaxel, estramustine, and dexa-
methasone.2 The primary results of 
both trials showed a statistically sig-
nificant improvement in overall sur-
vival of about 2 months with docetax-
el versus mitoxantrone.

New options for advanced 
prostate cancer

Cabazitaxel
Cabazitaxel is a new-generation 

tubulin-binding taxane. Given its 
novel mechanism of action, the drug 
might offer another therapeutic op-
tion for patients after docetaxel. The 
viability of cabazitaxel as a post-
docetaxel therapy was evaluated in an 
international multicenter randomized 
clinical trial of men with metastatic 
CRPC that had progressed during or 
after docetaxel therapy.3 Investigators 
randomized 755 patients to receive 
cabazitaxel plus prednisone or mito-
xantrone plus prednisone. The prima-
ry endpoint was overall survival.

When the trial ended, patients 
treated with cabazitaxel had a medi-
an survival of 15.1 months compared 
with 12.7 months with mitoxantrone, 
representing a statistically significant 
30% reduction in the risk of death (P 
< 0.0001; Table 2).4 Subgroup analy-
sis showed a consistency of the ben-
efit across a wide range of clinical and 
demographic variables.

Patients treated with cabazitaxel 
experienced more toxicity, particular-
ly diarrhea, fatigue, nausea, and vom-
iting, than did those who received 
mitoxantrone. Febrile neutropenia 
occurred in 7.5% of cabazitaxel-treat-
ed patients, which was more than five 

times greater than the rate in the con-
trol arm. Most adverse events were 
mild or moderate in severity.

A recent analysis of the data fo-
cused on causes of death in the trial. 
The cabazitaxel arm had fewer deaths 
overall (61.2% vs 74.1%) and few-
er deaths due to disease progression 
(53.1% vs 68.2%). However, cabazitax-
el was associated with more deaths re-
lated to adverse events (4.9% vs 1.9%).4

The survival benefits demonstrat-
ed by docetaxel and cabazitaxel have 
altered clinical practice by creating 
the potential to incorporate selected 
chemotherapeutic agents along with 
hormonal therapies in the sequential 
treatment of advanced prostate can-
cer. Sequential use of available thera-
pies offers the possibility of extending 
the duration of treatment response.

Sipuleucel-T
Characterized as immunotherapy 

or a vaccine, sipuleucel-T represents 
a new approach to the treatment of 
CRPC. Because the therapy is pa-
tient specific, the production process 
is fairly labor intensive. The patient 
undergoes leukapheresis for harvest-
ing of autologous dendritic or anti-
gen-presenting cells, which are then 
cultured with a fusion protein con-
sisting of prostatic acid phosphatase 
and granulocyte macrophage-colony 
stimulating factor. The so-called an-
tigen-loaded antigen-presenting cells 
are then infused back into the patient. 
The therapy has a paradoxical re-
sponse profile. The patient’s PSA level 
is unaffected, but survival is improved.

The phase III trial that led to FDA 
approval involved about 500 patients 
with CRPC, randomized 2:1 to re-

TABLE 2

Mitoxantrone vs cabazitaxel: overall survival
	 Mitoxantrone/prednisone	 Cabazitaxel/prednisone

Median overall survival, months	 12.7	 15.1

Hazard ratio (95% CI)	 0.70 (0.59–0.83)

P value	 < 0.0001

CI = confidence interval
Adapted, with permission, from Sartor et al4
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ceive sipuleucel-T therapy or best sup-
portive care.5 When the trial ended, 
patients treated with the adaptive im-
munotherapy had a median overall 
survival of 25.8 months, compared 
with 21.7 months in the control group, 
a 23% reduction in the risk of death (P 
= 0.032; Table 3).

The potential survival benefit of 
this therapy will likely apply to a se-
lect group of patients. The number of 
eligible candidates far exceeds current 
production and infusion capabilities, 
and the situation is unlikely to im-
prove in the near future. Additionally, 
the therapy is expensive, so only those 
patients with adequate insurance cov-
erage or personal financial means will 
be able to afford the treatment.

Abiraterone
Abiraterone is an upstream inhibi-

tor in the cholesterol pathway that 
leads to steroid hormone synthesis. 
Specifically, abiraterone inhibits 17-α 
hydroxylase, a key enzyme in the 
production of cortisol, estradiol, and 
testosterone.

In a study of patients with CRP-
Cpreviously treated with docetax-
el, treatment with abiraterone led to 
a time to tumor progression of al-
most 281 days, which is an accom-
plishment in such a difficult-to-treat 
group of patients.6 In April 2011, the 
FDA approved abiraterone for use in 
combination with prednisone to treat 
patients with CRPC, as an option af-
ter receiving docetaxel.

Denosumab
In patients with CRPC, treatment 

with the RANK ligand (RANKL) 
inhibitor denosumab can significantly 

reduce the risk of SREs secondary to 
ADT.7 However, some tumors express 
RANKL, raising the possibility that 
inhibition of RANKL might have a 
direct impact on tumor growth.8

Bisphosphonates in general, and 
zoledronic acid in particular, have 
been the standard for preventing 
SREs secondary to cancer therapy. 
The benefit was demonstrated in a 
large, multicenter, randomized, place-
bo-controlled clinical trial involving 
men with prostate cancer. The results 
showed that zoledronic acid extended 
the time to first SRE by 50% com-
pared with placebo (16.0 months vs 
10.7 months).9

Zoledronic acid remained the 
standard of care for preventing SREs 
for more than 5 years, when deno-
sumab challenged its supremacy in a 
large, multicenter randomized clinical 
trial involving men with metastatic 
CRPC.10 Almost 2,000 patients were 
randomized to receive denosumab 
or zoledronic acid. Time to occur-
rence of a first on-study SRE, the pri-
mary endpoint, was extended from 
17.1 months with zoledronic acid to 
20.7 months with denosumab, which 
translated into an 18% reduction in 
the risk of developing SREs.

Conclusion
After years of minimal progress, 

therapy for CRPC has greater di-
versity and potential for improved 
survival. Within the past year, four 
new drugs and biologics have joined 
docetaxel as therapies that can have 
a meaningful impact on the disease: 
cabazitaxel, sipuleucel-T, abiraterone, 
and denosumab. Several other novel 
agents are in various stages of evalu-

ation. For the first time in years, the 
outlook for CRPC offers reason for 
optimism.
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A ll cells face a constant risk of DNA 
damage from multiple sources: ul-
traviolet light, ionizing radiation, 
man-made and natural chemicals, 
and endogenously generated reac-

tive oxygen species, to name some of the most com-
mon threats. An estimated 10,000 single-strand 
breaks occur daily in every cell. On any given day, 
the human body has about 100 quadrillion DNA 
lesions.1–3

Cells, including cancer cells, respond to DNA 
damage by means of a variety of reparative mecha-
nisms, which work in concert to keep genomic fi-
delity intact. Cancer cells are highly susceptible to 
inhibition of DNA repair, a susceptibility that af-
fords opportunities for therapeutic development. 
However, cancer cells also are adept at adjust-
ing to loss of repair mechanisms by using one of 
the many alternative pathways. Poly(ADP-ribose) 
polymerase (PARP) has a key role in the repair of 
DNA single-strand breaks, thus making it an at-
tractive target for inhibiting DNA repair and caus-
ing cancer cell death.

PARP and DNA repair
PARP is an enzyme family comprising at least 

12 distinct molecules, of which PARP1 appears to 
be the most important for DNA repair. An impor-
tant component of the base excision-repair path-
way, PARP binds directly to sites of DNA damage. 
When activated, PARP uses nicotinamide adenine 
dinucleotide (NAD) as a substrate to generate large 
branched chains of poly(ADP-ribose) polymers 
on multiple proteins. PARP also recruits other en-
zymes involved in DNA repair.4

Inhibition of PARP prevents recruitment of 
DNA repair proteins, resulting in accumulation 
of DNA single-strand damage. Ultimately, sin-
gle-strand breaks degenerate into double-stranded 
DNA breaks. The degeneration occurs during the 
S phase of replication, effectively shutting down 
DNA synthesis.

BRCA1 and BRCA2 are necessary for efficient 
repair of double-stranded DNA breaks. The repair 

occurs by means of a mechanism known as homol-
ogous recombination, which drives cells—normal 
as well as cancer cells—toward the preferred path-
way for repair of double-stranded DNA breaks. The 
end result is an error-free repair system that main-
tains the fidelity of DNA and ensures cell survival.

If the preferred pathway is not operant, other 
pathways may be used but result in less-efficient 
DNA repair. The predominant alternative pathway 
is nonhomologous recombination, which occurs 
without BRCA. Nonhomologous recombination is 
error prone and results in gross genomic instability 
within a cell and, ultimately, necrosis.

Cells with BRCA mutations are homologous re-
combination-deficient and lack the ability to repair 
double-stranded DNA breaks efficiently. Failed 
and inefficient DNA repair results in synthetic le-
thality, a term that refers to the occurrence of two 
deficits that can lead to cell death.5

BRCA and PARP are therefore central to DNA 
repair and the ability to maintain normal cell in-
tegrity and function. Inhibition of PARP leaves the 
BRCA pathway to continue homologous recombi-
nation. Conversely, if BRCA becomes unavailable 
or nonfunctional, homologous recombination con-
tinues by PARP-related mechanisms. However, if 
neither PARP nor BRCA is functional, the result is 
synthetic lethality and cell death.

A series of laboratory experiments showed that 
cells with two nonfunctional copies of BRCA1 or 
BRCA2 (homozygotes) demonstrate exquisite sen-
sitivity to PARP inhibition.6 The observations led 
to rapid development of PARP inhibitors, with 
multiple drugs in clinical development. Although 
they share a common enzymatic target, the PARP 
inhibitors differ with respect to chemical structure, 
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toxicity profiles, and schedules and 
routes of administration. The PARP 
inhibitors remain in the early stages 
of evaluation, with the exception of 
iniparib, which has completed a phase 
III trial.

PARP inhibitors and 
BRCA-mutant tumors

Patients with BRCA-mutant tu-
mors represent an obvious starting 
point for clinical evaluation of PARP 
inhibitors. Phase I and II clinical trials 
of PARP inhibitors as monothera-
py for BRCA-deficient tumors have 
yielded response rates of 13%–50%. In 
general, the response rates have clus-
tered around 40%–50%.

In a phase I study of patients with 
BRCA mutations, the oral PARP in-
hibitor olaparib demonstrated clinical 
activity in 12 of 19 patients, includ-
ing 1 complete response (CR) and 10 
partial responses (PRs).7

A phase II evaluation of olaparib 
involved patients with BRCA-de-
ficient metastatic breast cancer. Se-
quential cohorts of patients received 
400 and 100 mg twice daily; the pri-
mary endpoint was overall response 
rate (ORR).8 The higher dose was as-
sociated with objective responses in 
11 of 27 patients (41%), including 1 
CR. The lower dose was associated 
with PRs in 6 of 27 patients (22%). 
Median progression-free survival 
(PFS) was 5.7 months with the high-
er dose and 3.8 months with the low-
er dose. The most common adverse 
effects were fatigue, nausea, vomiting, 
headache, and constipation—most of 
which were mild or moderate.

A trial of olaparib in patients with 
BRCA-mutant ovarian cancer pro-
duced evidence that might prove use-
ful for identifying patients most likely 
to respond to the PARP inhibitor.9 The 
patients were characterized as plati-
num-refractory, platinum-resistant, or 
platinum-sensitive on the basis of the 
duration of the platinum-free inter-
val. The results showed that the likeli-
hood of response to olaparib increased 

with the duration of the platinum-free 
interval. In particular, CRs tended to 
cluster in the subgroup of patients who 
had platinum-free intervals of more 
than 6 months (P = 0.03).

Beyond BRCA 
mutation carriers

Drugs that interfere with DNA 
repair have clinical potential that ex-
tends well beyond carriers of BRCA 
mutations. Several studies have ex-
amined PARP inhibitors in non–
BRCA-deficient patient populations.

One early test involved patients 
with triple-negative breast cancer, 
which refers to a histologic subtype 
characterized by negative estrogen re-
ceptor, negative progesterone receptor, 
and negative HER2 (human epider-
mal growth factor receptor 2) status. 
Triple-negative breast cancer accounts 
for 10%–17% of all breast cancers and 
is associated with increased aggres-
siveness and risk of recurrence.10

In an open-label phase II clinical 
trail, patients with metastatic triple-
negative breast cancer were random-
ized to receive treatment with car-

boplatin-gemcitabine chemotherapy 
alone or in combination with inipar-
ib.11 The primary endpoints were clin-
ical benefit rate (objective responses 
plus stable disease) and safety. Pa-
tients treated with iniparib in addi-
tion to chemotherapy had a clinical 
benefit rate of 56%, compared with 
34% for patients treated with chemo-
therapy alone (P = 0.01). The ORR 
was 52% with iniparib and 32% with-
out (P = 0.02). No significant differ-
ences in adverse events were observed 
between the two treatment groups.

The addition of iniparib signifi-
cantly slowed cancer progression 
(Figure 1), a secondary endpoint of 
this study. The hazard ratio (HR) for 
disease progression in the iniparib 
arm was 0.59 versus the control arm, 
representing a 41% reduction in risk 
(P = 0.01). The hazard for death was 
reduced by 43% in the iniparib arm 
(HR, 0.57; P = 0.01).

In a phase I clinical trial, olaparib 
was paired with paclitaxel as first- or 
second-line therapy for metastatic 
breast cancer.12 The study included 
19 patients who were not selected for 

Figure  1  Improvement in overall survival in patients with triple-negative breast cancer 
receiving iniparib in addition to carboplatin-gemcitabine chemotherapy. Adapted, with per-
mission, from O’Shaughnessy et al.11 © 2011 Massachusetts Medical Society. All rights 
reserved.
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BRCA mutations, most of whom re-
ceived the combination as first-line 
therapy. The ORR was 33%–40%, 
all PRs. The median PFS was 5.2–
6.3 months. Hematologic toxicity 
was considerable. Patients required 
growth factor support, and dose re-
ductions were common.

Investigators in a small phase II 
study evaluated the PARP inhibitor 
veliparib in combination with the al-
kylating agent temozolomide in pa-
tients with metastatic breast cancer.13 
By itself, temozolomide has little or 
no activity in breast cancer. Howev-
er, as an alkylator, the drug induces 
DNA damage, providing a ration
ale for combining it with the PARP 
inhibitor.

The ORR was a disappointing 7%. 
However, a post hoc analysis of response 
by BRCA status showed that five of six 
patients with BRCA mutations had an 
objective response to the combination 
of veliparib and temozolomide. Me-
dian PFS was 1.8 months overall, but 
it reached 5.5 months in patients with 
BRCA mutations.

Future directions
Although clinical evaluation of 

PARP inhibitors had produced some 
encouraging results, evidence of 
drug resistance has already begun to 
emerge.14 One mechanism of resis-

tance identified thus far involves resto-
ration of partial function by BRCA2, 
leading to resumption of homologous 
recombination repair.

A key unanswered question relat-
ed to the future of PARP inhibitors is 
whether the agents have broader ap-
plication for cancer therapy, such as 
treatment of tumors that have specif-
ic types of DNA-repair defects. The 
timing of PARP inhibitor adminis-
tration also requires further study to 
determine when these agents should 
be given in relation to the administra-
tion of cytotoxic therapy.

References

1.  Jackson SP. Detecting, signaling and re-
pairing DNA double-strand breaks. Biochem 
Soc Trans 2001;29(pt 6):655–661.

2.  Lindahl T. Instability and decay of 
the primary structure of DNA. Nature 
1993;362:709–715.

3.  Jackson SP, Bishop CL. DNA repair inhi-
bition to treat cancer and other serious illnesses. 
Drug Discovery World 2003;(Fall):41–45.

4.  Chalmers AJ. The potential role and ap-
plication of PARP inhibitors in cancer treat-
ment. Br Med Bull 2009;89:23–40.

5.  Ashworth A. A synthetic lethal thera-
peutic approach: poly(ADP) ribose polymerase 
inhibitors for the treatment of cancers deficient 
in DNA double-strand repair break. J Clin On-
col 2008;26:3785–3790.

6.  Farmer H, McCabe N, Lord CJ, et al. 
Targeting the DNA repair defect in BRCA 
mutant cells as a therapeutic strategy. Nature 
2005;434:917–921.

7.  Fong PC, Boss DS, Yap TA, et al. Inhi-
bition of poly(ADP-ribose) polymerase in tu-

mors from BRCA mutation carriers. N Engl J 
Med 2009;361:123–134.

8.  Tutt A, Robson M, Garber JE, et al. 
Phase II trial of the oral PARP inhibitor olapa-
rib in BRCA-deficient advanced breast cancer. 
J Clin Oncol 2009;27(18S):CRA501.

9.  Gelmon KA, Hirte HW, Robidoux A, et 
al. Can we define tumors that will respond to 
PARP inhibitors? A phase II correlative study 
of olaparib in advanced serous ovarian cancer 
and triple-negative breast cancer. J Clin Oncol 
2010;28(18S):3002.

10.  Reis-Filho JS, Tutt AN. Triple nega-
tive tumours: a critical review. Histopathology 
2008;52:108–118.

11.  O’Shaughnessy J, Osborne C, Pippin 
JE, et al. Iniparib plus chemotherapy in met-
astatic triple-negative breast cancer. N Engl J 
Med 2011;364:205–214.

12.  Dent RA, Lindeman GJ, Clemons M. 
Safety and efficacy of the oral PARP inhibi-
tor olaparib (AZD2281) in combination with 
paclitaxel for the first- or second-line treat-
ment of patients with metastatic triple-nega-
tive breast cancer: results from the safety cohort 
of a phase I/II multicenter trial. J Clin Oncol 
2010;28(18S):1018.

13.  Isakoff SJ, Overmoyeer B, Tung NM, 
et al. A phase II trial of the PARP inhibi-
tor veliparib (ABT888) and temozolomide 
for metastatic breast cancer. J Clin Oncol 
2010;28(18S):1019.

14.  Edwards SL, Brough R, Lord CJ, et 
al. Resistance to therapy caused by intragenic 
deletion in BRCA2. Nature 2008;451:1111–
1115.

ABOUT THE AUTHOR
Affiliation: Dr. Schwartzberg is Medical Director, 
The West Clinic, and Clinical Professor of 
Medicine, University of Tennessee College of 
Medicine, Memphis, TN.
Conflicts of interest: The author has nothing to 
disclose.



26  COMMUNITY ONCOLOGY  ■  August 2011 www.globalacademycme.com/oncology

Highlights of the 6th Annual Community Oncology Conference

Commun Oncol 2011;8(suppl 2):26–28 © 2011 Elsevier Inc. All rights reserved.

Current status of bone-targeted therapy 
for cancer patients
Alison T. Stopeck, MD  |  Arizona Cancer Center, University of Arizona, Tucson, AZ

From the 6th Annual Community Oncology Conference, Febru-
ary 25–26, 2011, Las Vegas, NV; www.globalacademycme.com/
oncology.
Unlabeled/investigational use of commercial products is indicated 
by an asterisk (*).
Correspondence to: Alison T. Stopeck, MD, Director, Clinical 
Breast Cancer Program, Arizona Cancer Center, University of 
Arizona, 3838 N. Campbell Avenue, Tucson, AZ 85719-1454; 
telephone: 520-626-2816; fax: 520-626-3754; e-mail: astopeck 
@azcc.arizona.edu.

B one loss occurs in both men and 
women as a natural consequence 
of aging. Cancer patients, however, 
have accelerated bone loss as a result 
of cancer treatment, which leads to 

an increased susceptibility to fracture. Addition-
ally, bone metastases cause substantial pain and 
morbidity, which can result in complications or 
additional treatments, often referred to as skel-
etal-related events (SREs). Clinicians have an 
obligation to recognize and treat cancer therapy-
induced bone loss as well as to prevent SREs in 
their patients.

To date, bisphosphonates have been the main-
stay of treatment to prevent bone loss and SREs 
in cancer patients. More recently, the monoclonal 
antibody denosumab has also shown impressive 
activity in preventing SREs and in treating cancer 
therapy-induced bone loss. Recent trials have also 
explored the ability of these bone-targeted agents 
to prevent metastases.

The burden of bone disease
Loss of bone mineral density (BMD) occurs 

as a consequence of the aging process, ranging 
from 0.5% per year in men older than age 50 to 
2.0% per year among women in early menopause.1 
Many cancer therapies further accelerate bone 
loss. Estimates of yearly bone loss are as high as 
2.6% per year with aromatase inhibitor use,2 4.6% 
with androgen deprivation therapy (ADT),3 and 
up to 7.7% in the year following ovarian failure 
secondary to chemotherapy.4

An estimated 400,000 cancer patients develop 
bone metastases each year. Besides causing pain, 
complications of bone metastases include frac-
ture, spinal cord compression, and hypercalcemia. 
In patients with advanced breast cancer, SREs or 
complications account for almost two-thirds of 
hospital costs.5 Almost 70% of patients with ad-
vanced metastatic breast cancer and up to one-half 
of patients with advanced multiple myeloma, pros-
tate cancer, or lung cancer develop SREs within 24 
months.6

Options for preventing bone loss

Bisphosphonates
Bisphosphonates have an established role for 

prevention of cancer therapy-induced bone loss. 
Bisphosphonates have a direct apoptotic effect on 
osteoclasts, resulting in decreased bone resorption. 
To a lesser degree, bisphosphonates can also affect 
macrophages; osteoblasts; T cells; and, theoretically, 
tumor cell function.

Oral and intravenous formulations of bisphospho-
nates have demonstrated the ability to increase BMD 
in men with prostate cancer treated with ADT.7,8 An 
integrated analysis of a large clinical trial program 
with zoledronic acid demonstrated significant bone 
preservation in patients with early breast cancer who 
were treated with the aromatase inhibitor letrozole.9

Patients were randomized to two clinical strat-
egies: concurrent therapy with letrozole and zole-
dronic acid or delayed bisphosphonate therapy until 
the development of worsening osteopenia (T-score 
below –2.0) or fracture. Immediate bisphosphonate 
therapy was associated with improvement in BMD 
within 6 months, whereas delayed treatment was as-
sociated with a decrease in BMD. The difference in 
BMD between treatment groups was statistically sig-
nificant at 12 months (P < 0.001) and continued to 
increase through 60 months of follow-up, although 
no difference in clinical fractures was observed.9

RANK ligand inhibition
RANK ligand (RANKL) is the primary media-

tor of osteoclast formation, function, and survival. 
The protein has a vital role in physiologic and can-
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cer-induced bone resorption. Denosu
mab is a fully human monoclonal anti-
body that binds and inhibits RANKL 
to prevent bone resorption. Results of 
phase III clinical trials show that de-
nosumab significantly reduces mark-
ers of bone turnover, increases BMD, 
and prevents fractures in postmeno-
pausal women with osteoporosis.

Denosumab also has demonstrated 
efficacy for preserving BMD in pa-
tients with early-stage breast cancer 
treated with aromatase inhibitors.10 
In a placebo-controlled clinical trial 
of early-stage breast cancer patients 
receiving adjuvant aromatase inhibi-
tor therapy, patients treated with de-
nosumab had a 5.5% absolute increase 
in BMD after 12 months and a 7.6% 
increase in BMD at 24 months (P 
< 0.001), compared with patients not 
receiving bone-targeted therapy.10

A much larger multicenter tri-
al involving men with prostate can-
cer treated with ADT yielded similar 
findings. At 24 months, denosumab-
treated patients had a 6.4% absolute 
improvement in lumbar spine BMD 
over patients receiving placebo, and a 
4.6% absolute advantage for total hip 
BMD.11 Treatment with the RANKL 
inhibitor also was associated with a 
significantly lower rate of vertebral 
fractures at 12, 24, and 36 months than 
with placebo (P = 0.006 to P = 0.004).

Comparisons of denosumab 
with zoledronic acid

Three identical, international, ran-
domized clinical trials compared 
zoledronic acid and denosumab in 
patients with solid tumors and bone 
metastases or with multiple myelo-
ma.12–14 None of the patients had a 
history of bisphosphonate therapy for 
bone metastases. The primary end-
point for all three trials was time to 
first SRE. All three trials were statis-
tically powered to demonstrate the 
noninferiority of denosumab to zole-
dronic acid as the primary endpoint, 
with superiority of denosumab tested 
as a secondary endpoint.

Each of the trials met the prima-
ry endpoint, and the two larger trials 
demonstrated superiority for denosu
mab over zoledronic acid.12,13 Denosu
mab treatment decreased the risk of first 
SRE by 16%–18%, compared with zole-
dronic acid (P = 0.0007 to P < 0.0001). 
Focusing in particular on the breast can-
cer trial, patients who were treated with 
denosumab had a statistically significant 
23% reduction in the risk of first and 
subsequent SREs (multiple-event anal-
ysis) compared with patients receiving 
zoledronic acid (P = 0.001).15

Adverse events and serious adverse 
events occurred in a similar proportion 
of patients in each treatment group. 
However, zoledronic acid treatment 
was associated with more acute-phase 
reactions (especially pyrexia) and renal 
toxicity than was denosumab, where-
as more cases of hypocalcemia were 
observed with denosumab treatment. 
Osteonecrosis of the jaw was seen in-
frequently in both groups, with no 
statistical difference observed between 
the treatment arms, although a slight-
ly greater number of events occurred 
in the denosumab arm. Denosumab 
also significantly extended the time 
to worsening pain in patients who 
had no or mild pain at baseline (9.7 
months vs 5.8 months; P = 0.0024).

Each new generation of bone-tar-
geted therapy has led to substantial re-
ductions in the risk of SREs in patients 
with metastatic breast cancer. Without 
bisphosphonate therapy, almost two-
thirds of patients with advanced met-
astatic disease develop SREs within 2 
years.16 Treatment with pamidronate 
reduced the SRE rate by one-third.16 
The introduction and use of zoledronic 
acid led to an additional 20% reduc-
tion in SRE incidence.17 Treatment 
with denosumab has now achieved a 
further 18% reduction in the risk of 
SREs in this patient population.15

Bone-targeted therapy 
and bone metastases

More than a century ago, Stephen 
Paget proposed the “seed-and-soil hy-

pothesis” of cancer metastases.18 The 
ABCSG-12 trial has sparked renewed 
interest in Paget’s hypothesis by provid-
ing preliminary data suggesting a role 
for bone-targeting agents in altering 
the bone microenvironment to inhibit 
and prevent breast cancer progression. 19

In the ABCSG-12 trial, premeno-
pausal women with early-stage breast 
cancer were treated with ovarian ab-
lation with goserelin and then ran-
domized in a 2 × 2 design to receive 
treatment with tamoxifen versus anas-
trozole and zoledronic acid versus pla-
cebo.19 Approximately 1,800 patients 
were randomized to receive tamoxifen 
or anastrozole, with or without con-
comitant zoledronic acid. The prima-
ry endpoint was disease-free survival 
(DFS), and although no difference 
was seen between the hormone ther-
apy arms, patients treated with the 
bisphosphonate had a 36% lower inci-
dence of breast cancer recurrence than 
did those who had received endocrine 
therapy alone (P = 0.011). Patients 
who were administered zoledronic 
acid every 6 months had fewer distant 
recurrences as well as fewer locore-
gional recurrences.19 Updated analyses 
showed that a statistically significant 
advantage was maintained during fol-
low-up beyond 5 years.20,21

More recently, a much larger trial 
directly testing the potential effects 
of zoledronic acid* therapy on pre-
venting breast cancer recurrences was 
presented at the San Antonio Breast 
Cancer Symposium in December 
2010. In the AZURE trial, patients 
with stage II or III breast cancer were 
randomized to receive standard che-
motherapy alone or with concomi-
tant zoledronic acid. In this trial, in-
volving more than 3,300 patients, a 
difference in DFS was not observed 
(hazard ratio [HR], 0.98).22 How-
ever, a prespecified subgroup analy-
sis revealed an intriguing interaction 
between treatment and menopausal 
status. Women who were more than 5 
* Indicates unlabeled/investigational use of com-
mercial products.
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years postmenopausal or over 60 years 
of age did show an improvement in 
DFS (HR, 0.76) and overall survival 
with zoledronic acid treatment.

The reasons for the contradic-
tory results of the AZURE and 
ABCSG-12 trials are unclear, but 
there are distinct differences between 
the breast cancer populations treated 
in the two trials. The AZURE trial 
included higher risk patients who 
were predominantly treated with 
chemotherapy. Of patients in the 
AZURE trial, 96% received chemo-
therapy, compared with only 5% in 
the ABCSG-12 trial. Thus, the role of 
zoledronic acid may be limited in pa-
tients who receive chemotherapy. In 
addition, the hormonal milieu of the 
bone microenvironment may play an 
important role in determining the ef-
fectiveness of bone-targeted agents, as 
suggested by the subset analyses.

Additional trials exploring the 
role of bisphosphonates in preventing 
breast cancer recurrences have been 
completed, and the results of these 
trials will hopefully provide definitive 
answers to this important question.

Future directions
The role of denosumab in pre-

venting cancer recurrence or tu-
mor progression remains to be de-
termined. Preclinical models have 
shown that inhibition of RANKL 
decreases the progression of estab-
lished bone metastases. RANKL 
also appears to induce migration of 
RANK-expressing cancer cells to 
bone. An international randomized 
phase III clinical trial is currently ac-
tively accruing patients to determine 
whether denosumab treatment can 
impact bone metastasis-free survival 
in patients with high-risk stage II or 
stage III breast cancer.

Molecules that target other aspects 
of bone resorption and bone metab-
olism are currently in development. 
Eventually, oncologists will be able to 
offer their patients multiple choices for 
bone preservation and perhaps preven-

tion of bone metastases using combi-
nations of bone-targeted therapies.
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1. A pooled analysis of data from two trials of adjuvant 
oxaliplatin-based chemotherapy for colon cancer showed 
that patients older than 70:
A. Derived the same benefit as younger patients
B. Did not benefit from oxaliplatin
C. Were excluded from the trials
D. None of the above
2. Which of the following achieved positive results as ad-
juvant therapy for colon cancer?
A. Bevacizumab  B. Irinotecan  C. Cetuximab
D. None of the agents had a positive impact
3. Clinical experience in the treatment of metastatic colon 
cancer has shown that patients with stage IV disease:
A. Can be cured in some cases with an interdisciplinary 
approach to treatment
B. Should receive only palliative care
C. Cannot tolerate cytotoxic chemotherapy
D. Do not benefit from treatment with targeted therapies
4. Complete the following statement with the most accurate 
phrase. “Ten-year survival for low-grade lymphoma…”
A. Has not improved since the early 1990s
B. Improved during the 1990s but not since 2000
C.	Has shown an absolute improvement of 20% since 1990
D. Has actually declined because of more instances of 
late diagnosis
5. A randomized clinical trial comparing ABVD and the 
Stanford V chemotherapy regimens for advanced Hodg-
kin’s lymphoma showed that:
A. Stanford V is superior and should be the standard of care
B. ABVD is superior and should be the standard of care
C. The two regimens have similar efficacy but Stanford V 
is more toxic, so ABVD should remain the standard of care
D. A regimen used in Germany is superior to ABVD and 
Stanford V and is less toxic
6. A role for targeted therapy in the treatment of non-small 
cell lung cancer (NSCLC) has been established by the ob-
servation that tumors often express:
A. PDGF    B. VEGF    C. HER2    D. EGFR

7. A majority of NSCLCs has:
A. Non-squamous cell histology	 C. Mixed histology
B. Squamous-cell histology	 D. Oat-cell histology
8. The addition of bevacizumab to platinum-based chemo-
therapy has:
A. Proven too toxic for most patients with NSCLC
B. Improved 1-year survival in patients with NSCLC
C. Improved survival for patients with squamous-cell histology
D. Had no effect on survival in NSCLC
9. Which of the following is NOT true of melanoma?
A. Early age at onset
B. Early metastatic potential
C. Early involvement of the central nervous system
D. More amenable to systemic therapies, as opposed to 
surgery
10. Which of the following is true of ipilimumab?
A. Delayed response
B. Initial disease progression in some patients
C. Dramatic late responses in some patients
D. All of the above
11. Historically, treatment options for advanced prostate 
cancer have consisted primarily of:
A. Chemotherapy	 C. Hormonal therapy
B. Surgery	 D. Radiation therapy
12. What therapy was the first to demonstrate an improve-
ment in survival?
A. Docetaxel	 C. Sipuleucel-T
B. Cabazitaxel	 D. Abiraterone
13. What type of agent is sipuleucel-T?
A. Chemotherapy
B. A radioactive tracer used to monitor response to 
therapy
C. Immunotherapy or vaccine
D. A tyrosine kinase inhibitor

14. Iniparib, olaparib, and veliparib are examples of the 
drug class known as:
A. Tyrosine kinase inhibitors	 C. Angiogenesis inhibitors
B. PARP inhibitors	 D. EGFR inhibitors
15. In patients with triple-negative breast cancer, the addi-
tion of iniparib to chemotherapy significantly improved:
A. Clinical benefit rate	 C. Mortality risk
B. Overall response rate	 D. All of the above
16. What metabolic process is associated with treatment 
with an aromatase inhibitor, androgen deprivation thera-
py, and chemotherapy-induced ovarian failure?
A. Alopecia	 C. Loss of bone mineral density
B. Nausea/vomiting	 D. Secondary malignancy
17. Denosumab is a member of the therapeutic class 
known as:
A. RANK ligand inhibitors	 C. Bisphosphonates
B. VEGF inhibitors	 D. PGE2 agonists
18. Three randomized clinical trials comparing denosum-
ab and zoledronic acid for prevention of skeletal-related 
events in cancer patients showed that:
A. Zoledronic acid was superior
B. Denosumab was superior
C. The drugs had equivalent effects
D. Both drugs were no more effective than calcium and vi-
tamin D supplementation
19. Trastuzumab emtansine (T-DM1):
A. Targets HER2
B. Is an antibody-drug conjugate
C. Has activity in patients with prior exposure to trastuzumab
D. All of the above
20. In a randomized clinical trial involving patients with 
HER2-positive breast cancer, which therapeutic regimen 
led to the highest rate of pathologic complete response?
A. Docetaxel, trastuzumab, and pertuzumab
B. Docetaxel-trastuzumab
C. Docetaxel-pertuzumab
D. Pertuzumab-trastuzumab
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Visit www.globalacademycme.com/oncology   
for more information and registration

March 30–31, 2012
Caesars Palace, 
Las Vegas, Nevada

Who Should Attend?
Medical oncologists, hematologists, 
radiation oncologists, nurses/nurse 
practitioners and other oncology healthcare 
professionals

Jointly sponsored/co-provided by          In affi liation with             Also presented by

Chair
Lee S. Schwartzberg, MD, FACP
Medical Director, The West Clinic
Editor-in-Chief, Community Oncology

Co-Chairs
Jame Abraham, MD, FACP
Bonnie Wells Wilson Distinguished
 Professor and Eminent Scholar
West Virginia University

Linda D. Bosserman, MD, FACP
President, Wilshire Oncology 
 Medical Group, Inc.
Editor, Community Oncology

David H. Henry, MD, FACP
Clinical Professor of Medicine
Pennsylvania Hospital
Editor, Community Oncology

Ted A. Okon, MBA
Executive Director
Community Oncology Alliance
Washington, DC

Featuring
•  Latest clinical updates in oncology
•  Continuing debate on healthcare reform
•  Practical sessions immediately useful to 

the community oncologist
•  Interactive clinical cases and much more

Continuing Education
This activity has been planned and implemented in accordance with the Essential Areas and Policies of the Accreditation Council for 
Continuing Medical Education (ACCME) through the joint sponsorship of Boston University School of Medicine and Global Academy 
for Medical Education. Boston University School of Medicine is accredited by the ACCME to provide continuing medical education for 
physicians.  

This activity has been approved for AMA PRA Category 1 Credit(s)™

Continuing Nursing Education Provider Unit, Boston University School of Medicine is accredited as a provider of continuing nursing 
education by the American Nurses Credentialing Center’s Commission on Accreditation. 

Nurses will receive contact hours for those sessions attended, after completion of an evaluation and claim for credit form.


