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In this first issue of 2011, patient care, safety, and quality of life are the subtext 
in articles on breast cancer and non-Hodgkin’s lymphoma therapies, serotonin 
syndrome, and elderly cancer survivors. These articles and others in this issue 
provide context to the daily realities of the practice-based oncologist.
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eribulin (Halaven), has proved that overall survival can be extended in this 
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Radioimmunotherapy using CD20-targeted immunoconjugates remains a 
viable option for patients with non-Hodgkin’s lymphoma (NHL). Despite their 
apparent utility, these drugs have been underutilized for a variety of reasons, 
including the somewhat complex process of drug delivery, concerns about 
possible late toxicities, and economic factors. In this article, the authors review the 
data supporting their use in B-cell NHL and discuss other potential indications.
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There are more than 9.5 million cancer survivors in the United States, and 
the majority of them are older people who will need a safe environment to 
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MammoSite balloon brachytherapy, used in the setting 
of breast-conserving treatment for early-stage breast 
cancer, permits effective irradiation of the tumor bed 
with a diminished impact on normal surrounding tissue 
and without the protracted course of treatment required 
with whole breast radiation therapy (see page 37).
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early-stage breast cancer
Russell W. Jenkins, Leander Cannick III, md, and Jennifer L. Harper, md, 
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Charleston, SC
MammoSite balloon brachytherapy (MBT) is a form of accelerated partial 
breast irradiation used in the setting of breast-conserving treatment for early-
stage breast cancer. MBT permits effective irradiation of the tumor bed with 
a diminished impact on normal surrounding tissue and without the protracted 
course of treatment required with whole breast radiation therapy (WBRT). 
Although MBT remains a relatively new treatment modality compared with 
WBRT, mounting evidence continues to support a role for MBT as a useful 
alternative to WBRT. 
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South Carolina Center of Economic Excellence for Medication Safety and Efficacy 
and the Southern Network on Adverse Reactions (SONAR), South Carolina College 
of Pharmacy, University of South Carolina, Columbia, SC; Lead Horse Technologies, 
Inc., Junction City, KS; and Hollings Cancer Center, Medical University of South 
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In the medical literature, serotonin syndrome is well documented as an adverse 
event associated with various classes of medications. The most famous case of 
serotonin syndrome occurred when Libby Zion died shortly after receiving 
meperidine in combination with phenelzine, a monoamine oxidase inhibitor. 
The authors report on a patient treated with duloxetine (Cymbalta), a serotonin 
and norepinephrine reuptake inhibitor, who developed a probable serotonin 
syndrome after receiving IV meperidine and midazolam as preprocedure 
anesthesia for a routine screening colonoscopy. 
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  43	 Measuring subjective phenomena
David L. Streiner, phd, cpsych, and Geoffrey R. Norman, phd, Department of 
Psychiatry, University of Toronto, Toronto, Canada, and Department of Clinical 
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Once we get away from body counts, direct measurements, and laboratory test 
results and enter the realm of phenomena such as quality of life or pain, we 
are trying to measure subjective states. Over the years, techniques have been 
developed to do this in a reliable, valid way. This article introduces readers to 
what to look for in scales tapping these domains.
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Letter from the Editor

Beltway battles aside, oncology is ready 
to take on the New Year
David H. Henry, MD, FACP, Editor  |  Pennsylvania Hospital, Philadelphia, PA

A s we gear up for 2011, a new Con-
gress has already been sworn in, and 
the Republican majority has stat-
ed its intention to dismantle the 
healthcare reform law of 2010. So, 

hang on: It should be quite a ride in Washington 
this year. Let’s hope that President Obama can re-
enact Bill Clinton’s success in working with a Re-
publican Congress and build on last year’s progress 
in healthcare, rather than presiding over its demise.

Since we cannot figure out Washington, let’s turn 
to this month’s issue of Community Oncology. On 
page 15, we feature a new drug for patients with re-
fractory metastatic breast cancer. Eribulin (Halaven), 
a nontaxane microtubule inhibitor, was approved this 
past November by the US Food and Drug Admin-
istration (FDA) for patients who have failed to re-
spond to at least two previous chemotherapy regi-
mens and have been treated with an anthracycline 
and a taxane. The drug showed an improvement in 
overall survival in its phase III pivotal trial.

Still in the realm of breast cancer, we have a re-
view of MammoSite balloon brachytherapy for early-
stage breast cancer (page 37). The device is inserted 
at the time of lumpectomy, and patients complete 
their course of radiation therapy in as few as 5 days 
with twice-daily treatments. Cosmetic and therapeu-
tic outcomes match those achieved with traditional 
external-beam radiation therapy to the entire breast. 

Much has been written about life after cancer in 
the cancer survivor population, but what if the survi-
vor is elderly? Discharging such a patient might mean 
he or she has to enter an assisted-living or retirement 
community, instead of returning to the family home 
and the workplace. An article on page 32 examines 
how appropriately designed homes for older survivors 
can enhance their quality of life. It also provides in-
formation on finding help in executing the modifi-
cations and offers a review of other housing options.

Radioimmunotherapy (RIT) using CD20-target-
ed immunoconjugates for patients with non-Hodg-
kin’s lymphoma continues to be underused, even 
though those of us in active practice are aware of it. 
The reasons for this are often logistical because of the 
drug delivery, the potential toxicity of tositumomab 

(Bexxar) and ibritumomab tiuxetan (Zevalin), and 
economic factors. A review of RIT for non-Hodg-
kin’s lymphoma on page 24 reminds us of how effec-
tive these therapies can be, especially if they are cycled 
into the treatment regimens earlier rather than later.

Most of us in practice today are familiar with the 
case of Libby Zion, the young woman who died in a 
New York hospital from a drug-drug interaction that 
caused a serotonin-release syndrome. (Her untimely 
death led to current regulations that residents may not 
work more than 80 hours a week.) On page 41, we re-
port on another probable serotonin syndrome reaction 
that occurred as a complication of a routine screen-
ing colonoscopy, a reminder that this syndrome can 
and does still occur. In the current case, the patient 
received preprocedure anesthesia with IV meperidine 
and midazolam, a short-acting benzodiazepine.

How do physicians receive their information and 
continue their education? The answer is online, ac-
cording to our article on page 46, where sites such 
as OncologyTube.com and ResearchToPractice.com 
are examined.

This month, our biostatisticians have provided 
another wonderfully written and easily understand-
able piece on the evaluation of subjective phenom-
ena (page 43). Washington Update (page 48) high-
lights a growing crisis in oncology centering on a 
shortage of chemotherapy drugs. The American 
Society of Anesthesiologists, American Society of 
Clinical Oncology, American Society of Health-
System Pharmacists, and the Institute for Safe 
Medication Practices are working closely with the 
FDA to try to remedy this dire situation.

Oncology is truly an exciting and vibrant spe-
cialty, with courageous patients and dedicated care-
givers buoyed by expanding biotechnology, which 
facilitates a greater understanding of how to treat 
cancer and what therapies are best. It’s still the best 
specialty there is. Have a happy New Year!
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What’s new, what’s important
Microtubule may not be the “sexiest” target in cancer therapy, but focusing on it is 

definitely helping more patients in the clinic than any other “novel targeted” therapy. 
Vinca alkaloids, taxanes, and epothilones are all extremely important in the treatment 
of breast cancer. But none of them has been shown to improve overall survival in 
heavily pretreated breast cancer patients. Now, to everyone’s surprise, eribulin (Hala-
ven), a novel nontaxane microtubule inhibitor, has proved that overall survival can be 
extended in this patient group.

It is interesting to note that in the randomized phase III study described here, 
the patients were treated with taxanes and anthracyclines and many received vinorel-
bine before being treated with eribulin. They still responded to this novel drug. It is a 
microtubule-stabilizing agent; unlike the taxanes and epothilones, it inhibits micro-
tubule polymerization, which causes hyperstabilization of polymerized microtubules.

Eribulin is approved by the US Food and Drug Administration for patients with 
metastatic breast cancer who have previously received at least two chemotherapeutic 
regimens for metastatic disease. The recommended dose of eribulin is 1.4 mg/m2 given 
IV over 2–5 minutes on days 1 and 8 of a 21-day cycle. Dose modification is recom-
mended in patients with hepatic impairment. The most common side effects of this 
drug are neutropenia, anemia, asthenia/fatigue, alopecia, and peripheral neuropathy.

Eribulin is a promising therapeutic option for patients with metastatic breast cancer, 
and future studies will define its role in the management of early-stage breast cancer.

— Jame Abraham, MD, Section Editor

Eribulin in patients with metastatic 
breast cancer previously treated with  
an anthracycline and a taxane
Novel, nontaxane microtubule dynamics inhibitor improves overall survival in patients with  
refractory metastatic breast cancer.

Summary by Matt Stenger, MS; reviewed by 
Debu Tripathy, MD, University of South-
ern California/Norris Comprehensive Cancer 
Center, Los Angeles, CA.

Jame Abraham, MD, Section Editor
West Virginia University, Morgantown, WV

E ribulin (Halaven) is a syn-
thetic analog of halichon-
drin B, a nontaxane micro-
tubule dynamics inhibitor 

extracted from the marine sponge 
Halichondria okadai, with a novel 
mechanism of action among tubu-
lin-targeted agents. Preclinical stud-
ies have shown that eribulin is active 
against cancer cell lines that are tax-
ane resistant as a result of β-tubulin 
mutations.1 

A recently completed phase III trial 
(the EMBRACE study2) in patients 
with locally advanced or metastatic 
breast cancer previously treated with 
an anthracycline and a taxane showed 
that eribulin therapy significantly im-
proved overall survival (OS) compared 
with treatment chosen by their phy-
sician. On the basis of these findings, 
eribulin was recently approved for the 
treatment of patients with metastatic 
breast cancer who have previously re-
ceived an anthracycline and a taxane in 
either the adjuvant or metastatic set-
ting and received at least two chemo-
therapeutic regimens for the treatment 
of metastatic disease.

Another ongoing phase III trial 
(E7389-G000-301; ClinicalTrials.gov 
ID No. NCT00337103) is comparing 
eribulin with capecitabine (Xeloda) in 
this treatment setting.3

Phase II trials
Two recent single-arm, open-label, 

phase II clinical trials have demon-
strated eribulin’s activity and manage-
able safety profile in patients with re-
fractory metastatic breast cancer.4,5 In 

the study reported by Vahdat et al,4 
103 heavily pretreated patients (medi-
an of four prior regimens) were given 
eribulin (1.4 mg/m2) as a 2- to 5-min-
ute IV infusion on days 1, 8, and 15 of 
a 28-day cycle. Because of neutrope-
nia at day 15, an alternative regimen 
of eribulin on days 1 and 8 of a 21-
day cycle was administered. All of the 
patients had received prior treatment 
with an anthracycline and a taxane. 

In the per-protocol cohort (n = 87), 
eribulin achieved an independently re-
viewed objective response rate (ORR) 
of 11.5% (all partial responses) and a 
clinical benefit rate (partial respons-
es plus stable disease ≥ 6 months) of 
17.2%. The median duration of re-

sponse was 5.6 months; the medi-
an progression-free survival (PFS), 
2.6 months; and the median OS, 9.0 
months. The most common treatment-
related grade 3 or 4 toxicities were 
neutropenia (64%), leukopenia (18%), 
fatigue (5%), peripheral neuropathy 
(5%), and febrile neutropenia (4%).

In the study reported by Cortes et 
al,5 291 patients with locally advanced 
or metastatic breast cancer previously 
treated with an anthracycline, a tax-
ane, and capecitabine were given er-
ibulin (1.4 mg/m2) as a 2- to 5-min-



16  COMMUNITY ONCOLOGY  ■  January 2011 www.CommunityOncology.net

Community Translations

TABLE 2

Percentage of patients in the EMBRACE study with grade 3 or 4 adverse 
events occurring with a frequency of 2% or more

		  Treatment of physician’s 
	 Eribulin (n = 503)	 choice (n = 247)

Adverse event	 Grade 3	 Grade 4	 Grade 3	 Grade 4

Hematologic

Neutropenia	 21.1	 24.1	 14.2	 6.9

Leukopenia	 11.7	 2.2	 4.9	 0.8

Anemia	 1.8	 0.2	 3.2	 0.4

Febrile neutropenia	 3.0	 1.2	 0.8	 0.4

Nonhematologic

Asthenia/fatigue	 8.2	 0.6	 10.1	 0

Peripheral neuropathy	 7.8	 0.4	 2.0	 0

Nausea	 1.2	 0	 2.4	 0

Dyspnea	 3.6	 0	 2.4	 0.4

Mucosal inflammation	 1.4	 0	 2.0	 0

Hand-foot syndrome	 0.4	 0	 3.6	 0

EMBRACE = Eisai Metastatic Breast Cancer Study Assessing Physician’s Choice Versus Eribulin
Source: Twelves et al2

ute IV infusion on days 1 and 8 of 
a 21-day cycle. The ORR was 9.3% 
by independent review and 14.1% 
by investigator review (all partial re-
sponses); the stable disease rate was 
46.5%; and the clinical benefit rate 
was 17.1%. The median duration of 
response was 4.1 months; the medi-
an PFS was 2.6 months; and the me-
dian OS was 10.4 months. The most 
common treatment-related grade 3 or 
4 toxicities were neutropenia (54%), 
leukopenia (14%), asthenia/fatigue 
(10%), neuropathy (7%), and febrile 
neutropenia (6%).

EMBRACE study results
In the EMBRACE study (Eisai 

Metastatic Breast Cancer Study As-
sessing Physician’s Choice Versus 
Eribulin; ClinicalTrials.gov ID No. 
NCT00388726),2 762 patients with 
locally recurrent or metastatic breast 
cancer with disease progression with-
in 6 months of their last chemother-
apy regimen were randomized 2:1 in 
open-label fashion to receive eribu-
lin 1.4 mg/m2 IV over 2–5 minutes 
on days 1 and 8 every 21 days (n = 
508) or the treatment of their physi-
cian’s choice (n = 254) selected pri-
or to randomization. The physician’s 
choice of treatment consisted of any 
single-agent therapy (chemothera-
py, hormonal, or biologic therapy) or 
supportive care only. Eligible patients 
had to have received two to five pri-
or chemotherapy regimens, including 
at least two for advanced disease and 
including prior anthracycline and tax-
ane treatment in the adjuvant or meta-
static setting. Patients had to have an 
Eastern Cooperative Oncology Group 
(ECOG) performance status of 2 or 
less and were ineligible if they had pre-
existing neuropathy higher than grade 
2. The primary endpoint was OS.

Patient population
The median age was 55–56 years in 

the two patient groups. Each group had 
received a median of four prior treat-
ments with chemotherapy; 73%–74% 

had received capecitabine in the past. 
More than 90% of patients in each 
group had an ECOG performance sta-
tus of 0 or 1. The treatment of physi-
cian’s choice consisted of chemother-
apy in 96% of patients, including (in 
order of frequency) vinorelbine, gem-

citabine (Gemzar), capecitabine, tax-
anes, and anthracyclines. A small pro-
portion of patients received hormonal 
therapy; no patients received biologic 
therapies or best supportive care only. 

Table 1 summarizes the key effica-
cy outcomes in this study, as reported 

TABLE 1

Key efficacy outcomes in the EMBRACE study
		  Treatment of physician’s 
Outcome measure	 Eribulin (n = 503)	 choice (n = 247)

OS at 12 months, %	 53.9	 43.7

Median OS, months	 13.12	 10.65

Hazard ratio	 0.81 (P = 0.041)

	 Independent review (n = 508)	 Investigator review (n = 254)

		  Treatment of		  Treatment of 
Outcome measure	 Eribulin	 physician’s choice	 Eribulin	 physician’s choice

Median PFS, months	 3.7	 2.2	 3.6	 2.2

Hazard ratio	 0.87 (P = 0.14)	 0.76 (P = 0.002)

	 Independent review (n = 468)	 Investigator review (n = 214)

		  Treatment of		  Treatment of 
Outcome measure	 Eribulin	 physician’s choice	 Eribulin	 physician’s choice

ORR, %	 12.2	 4.7	 13.2	 7.5

P value	 0.002	 0.028

EMBRACE = Eisai Metastatic Breast Cancer Study Assessing Physician’s Choice Versus Eribulin; OS = overall 
survival; PFS = progression-free survival; ORR = overall response rate (complete responses + partial responses) 
Source: Twelves et al2
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at the 2010 Annual Meeting of the 
American Society of Clinical Oncolo-
gy.  The data differ in small ways from 
the numbers reported in the official 
package labeling.6

Survival
On intent-to-treat analysis, the 

median OS was 13.1 months in the er-
ibulin group versus 10.7 months in the 
group that received treatment of their 
physician’s choice, yielding a signifi-
cant 19% reduction in the risk of death 
with eribulin (hazard ratio [HR], 0.81; 
P = 0.041). OS at 1 year was 53.9% 
versus 43.7% for those receiving treat-
ment chosen by their physician. In the 
intent-to-treat population, eribulin 
was associated with a nonsignificant 
improvement in PFS on independent 
review (median duration, 3.7 months 
vs 2.2 months; HR, 0.87; P = 0.14) but 
a statistically significant improvement 
on investigator review (median dura-
tion, 3.6 months vs 2.2 months; HR, 
0.76; P = 0.002). In the per-protocol 
population, PFS was significant on 
both independent review (P = 0.02) 
and investigator review (P < 0.001).

Response rates
Overall response rates for eribulin 

and treatment of physician’s choice 
patients were 12.2% and 4.7% (P 

= 0.002), respectively, on indepen-
dent review and 13.2% and 7.5% (P 
= 0.028), respectively, on investiga-
tor review. Clinical benefit rates (rates 
of complete plus partial responses 
and stable disease ≥ 6 months) were 
22.6% versus 16.8% on independent 
review and 27.8% versus 20.1% on in-
vestigator review. 

Safety profile
Eribulin treatment had a manage-

able safety profile. Overall, adverse 
events occurred in 99% of eribulin-
treated patients and 93% of patients 
who received treatment of their phy-
sician’s choice. Serious adverse events 
(grade 3 or higher) occurred in 25% 
and 26% of patients, respectively, and 
adverse events leading to discontinu-
ation of treatment were reported in 
13% and 15% of patients, respectively. 
Adverse events led to dose reduction 
in 17% and 16% of patients, respec-
tively, and to dose delays in 35% and 
32%, respectively. Fatal adverse events 
occurred in 4% of eribulin-treated pa-
tients and 7% of patients given treat-
ment of their physician’s choice and 
were considered treatment related in 
1% of patients in each group.

Among hematologic adverse events, 
grade 3 or 4 neutropenia and leukope-
nia and febrile neutropenia were much 

more common among patients treated 
with eribulin (Table 2). Among non-
hematologic adverse events, grade 3 
peripheral neuropathy was more com-
mon among eribulin-treated patients 
than among those receiving the treat-
ment of their physician’s choice.
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O ver the years, we have ad-
opted the dogma that we 
lose the ability to modi-
fy the natural history of 

breast cancer in later lines of therapy. 
In fact, the US Food and Drug Ad-
ministration (FDA) has followed the 

From the Oncologist’s Perspective

Making a difference in refractory  
breast cancer
Debu Tripathy, MD  |  University of Southern California/Norris Comprehensive Cancer Center, Los Angeles, CA

unwritten rule that a survival advan-
tage is expected for drug approval in 
the first line, but beyond this, an im-
provement in disease-free survival 
alone would suffice to get the nod.

This predilection is evidenced 
by the approval of ixabepilone (Ix-

empra) for refractory disease in the 
absence of a survival advantage,1,2 
whereas the approval of gemcitabine 
(Gemzar) and capecitabine (Xelo-
da) required trial designs that com-
pared standard taxane therapy with 
and without the drug in question.3,4 
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In fact, these trials did not allow the 
popular crossover-upon-disease-pro-
gression design to avoid confounding 
the survival endpoint.

In keeping with this paradigm, 
the FDA recently has begun steps to 
withdraw accelerated approval of be-
vacizumab (Avastin) in the first-line 
setting because of the absence of a 
survival benefit in breast cancer pa-
tients, despite confirmatory evidence 
of improved disease-free survival in 
multiple trials.5–7 The recent demon-
stration of a survival advantage of the 
microtubule inhibitor eribulin (Ha-
laven) over standard monotherapy in 
patients whose disease has progressed 
after two or more lines of chemother-
apy for advanced breast cancer has 
shattered the nihilistic dogma that 
one cannot impact survival this late 
in a patient’s course. The early data, 
as well as the clinical trial design and, 
ultimately, the results of the pivotal 
eribulin trial (EMBRACE), are in-
structive as to how we should make 
decisions in later lines of therapy and 
may represent a paradigm for future 
drug development in this setting.

Finally, as with all drugs that show 
activity in advanced disease, there will 
be several potential strategies to eval-
uate this drug in earlier-line settings, 
where the impact on survival and cur-
ability would be the greatest.

Using progression-free 
survival as a surrogate 
for overall survival

The use of disease-free survival or 
response rate as a surrogate to overall 
survival continues to be controversial. 
Overviews of breast cancer trials have 
not convincingly shown this relation-
ship, in part because most trials are not 
powered to detect survival differenc-
es.8–10 It has also been argued that the 
many therapies patients tend to receive 
in the refractory setting confound the 
ability to properly assess survival as a 
measure of the clinical benefit of ther-
apies used in earlier lines.

Nevertheless, in the new world of 

cost-benefit metrics, it makes sense 
that the new bar has moved to an im-
provement in either overall survival 
or quality of life, but not disease-free 
survival alone. Because median sur-
vival is lower with subsequent lines of 
therapy, an absolute improvement of 
2–3 months would constitute a larg-
er odds ratio for survival, and, conse-
quently, it might be easier to demon-
strate improvement in survival with 
active therapies, contrary to the usu-
al thinking.11 Therefore, although it 
may have seemed like a bold move to 
make survival the primary endpoint 
in the randomized eribulin trial, it 
probably was a rational decision all 
along. The practical design of physi-
cian’s choice of treatment, as opposed 
to using a fixed agent in the compara-
tor arm, was also a logical, albeit un-
conventional, choice for this pivotal 
trial, because there is no consensus on 
the “standard” therapy in later lines of 
therapy for breast cancer.

Eribulin in refractory 
breast cancer

The pivotal eribulin trial ran-
domized patients with more than 
two prior chemotherapy regimens 
for advanced breast cancer, includ-
ing taxane and anthracycline therapy, 
with about 75% of patients also hav-
ing received capecitabine.12 An im-
provement in median survival of 2.5 
months with acceptable tolerability 
was the key to eribulin’s approval, al-
though this advantage was accompa-
nied by an increase in the incidence 
of febrile neutropenia and neuropathy 
when compared with the control arm. 
The real-life comparator arm of che-
motherapy agents commonly used in 
refractory disease ended up being an 
asset, rather than a liability, as oncolo-
gists can relate to the dilemma faced 
in treating these patients, with several 
options available but none that stands 
out as being particularly effective.

So far, eribulin is the only drug 
that has shown a survival advantage 
in late lines of therapy for breast can-

cer. Whether this finding is due to the 
lack of previous trials that have aimed 
for survival differences is not clear. It 
may also be related to the critical role 
of the microtubule apparatus and the 
fact that taxoids are highly effective 
drugs but are limited by mechanisms 
of resistance, including membrane 
transporters and mutations in tubu-
lin, which do not apply to newer mi-
crotubule inhibitors such as eribulin. 
The fact that patients on this trial had 
received previous taxanes might rep-
resent the cytotoxic version of “onco-
gene addiction,” whereby critical on-
cogenic drivers are postulated to be 
important, even after clinical resis-
tance develops. This phenomenon has 
been observed with therapies that tar-
get the human epidermal growth fac-
tor receptor 2 (HER2), manifested by 
the effectiveness of HER2 blockade, 
even after disease  progression occurs 
on trastuzumab (Herceptin).13–15 In 
the case of eribulin, it appears that the 
microtubule may be the normal cellu-
lar analogy of an oncogene—a criti-
cal cellular component that can still 
be targeted for clinical benefit but via 
a different mechanism once resistance 
develops to a particular class of mi-
crotubule inhibitor.

What’s next for eribulin?
The benefits seen in advanced 

breast cancer, coupled with a reason-
able side-effect profile, make eribulin 
a promising drug for use not only in 
the refractory setting but clearly as a 
good candidate for testing in the up-
front metastatic and adjuvant settings. 
These trials are planned or under way. 
There are many questions that need 
to be answered. How does this drug 
perform in combination with alkyl-
ators and anthracylines? Is there syn-
ergy and tolerability with trastuzum-
ab in HER2+ disease? Can the dosing 
schedule be optimized, as is the case 
with ixabepilone and nanoparticle 
albumin-bound paclitaxel (Abrax-
ane), where the FDA-approved dose 
might not be the most effective and 
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tolerable. Is there synergy, or at least 
impressive additivity, when eribulin 
is combined with HER2-targeted or 
antiangiogenic agents (the latter, of 
course, now less likely to be tested 
given the FDA’s decision on bevaci-
zumab)? In the adjuvant setting, erib-
ulin could be tested as a new standard 
for anthracycline-free therapy. Final-
ly, the contemporary burning ques-
tion for all drugs must be explored as 
well—are there predictive markers or 
genetic signatures that predict who 
will derive the greatest benefit?

As the oncology community begins 
to use this agent more and subsequent 
studies further define alternative regi-
mens and safety signals, a clearer pic-
ture will emerge on this interesting 
drug. The results of the next genera-
tion of studies might also demonstrate 
whether a survival advantage in late 
lines of therapy will be indicative of a 
much more effective drug used earlier 
and in the adjuvant setting.
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Radioimmunotherapy (RIT) using CD20-targeted immunoconjugates remains a viable option for patients with non-Hodgkin’s 
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of well-tolerated regimens. The two available RIT agents—yttrium-90 ibritumomab and iodine-131 tositumomab—have 
undergone extensive trials leading to specific approvals for certain categories of indolent NHL. Despite their apparent 
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B -cell non-Hodgkin’s lymphomas 
(NHLs) comprise at least 85% of 
all NHLs seen in the United States 
and Western countries. Almost all 
of these lymphomas are character-

ized by the presence of the CD20 antigen on the 
cell surface. CD20 is a stable, nonmodulated cell 
surface antigen; it was the first target successfully 
exploited by monoclonal antibody therapy when 
rituximab (Rituxan) was found to be clinically ac-
tive in the late 1990s.1

Treatment with the “naked” or “cold” antibody 
alone resulted in an overall response rate (ORR) of 
nearly 50% in previously treated patients with re-
lapsed/refractory low-grade lymphomas.2 Follicular 
lymphoma (FL) was found to be more responsive to 
therapy than small lymphocytic lymphoma (SLL) 
or chronic lymphocytic leukemia (CLL), probably 
due to the higher density of surface-bound CD20 
present in that category of lymphoma. Other lym-
phoma types, including marginal zone lymphoma, 
lymphoplasmacytic lymphoma, mantle cell lym-
phoma (MCL), and diffuse large B-cell lymphoma 
(DLBCL), all have showed varying degrees of re-
sponse to such therapy.3−5

Subsequently, rituximab was successfully com-
bined with standard chemotherapy regimens. The 
first major advance occurred in DLBCL, where 
the combination of rituximab with cyclophos-
phamide, vincristine, doxorubicin, and prednisone 
(R-CHOP) was found to be superior to standard 
CHOP in terms of response rate (RR), progres-
sion-free survival (PFS), and overall survival (OS).6 

More recently, rituximab-based combinations have 
been shown to improve RR and PFS in studies of 
FL and CLL.7,8

The successes seen with rituximab-based therapy 
of low-grade lymphomas have been further ampli-
fied by the use of various programs of maintenance 
rituximab therapy, which are usually given over 1−2 
years. In the recently presented PRIMA trial, previ-
ously untreated patients with FL were randomized 
between maintenance rituximab and observation. 
The results showed a substantial increase in PFS at 
2 years (82% vs 66%) favoring maintenance ritux-
imab therapy.9

Despite the obvious efficacy of rituximab, its 
mechanism of action has not been totally explained. 
The most likely mechanisms include antibody-de-
pendent cell-mediated cytotoxicity, complement-
dependent cytotoxicity, as well as direct apoptotic 
effect. To further exploit the efficacy of antibody 
therapy, the concept of “arming” the antibody with a 
radionuclide, toxin, or chemotherapeutic agent was 
conceived. In the case of the lymphomas, radioim-
munotherapy (RIT) using CD20-targeted immu-
noconjugates was developed.

The two available RIT agents—yttrium-90 (Y-
90) ibritumomab (Zevalin) and iodine-131 (I-131) 
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tositumomab (Bexxar)—have under-
gone extensive trials leading to spe-
cific approvals for certain categories 
of indolent NHL. Despite their ap-
parent utility, these drugs have been 
underutilized for a variety of reasons, 
including the somewhat complex 
process of drug delivery, concerns 
about possible late toxicities, and eco-
nomic factors.10

Characteristics of Y-90 
ibritumomab and 
I-131 tositumomab

The major structural difference be-
tween Y-90 ibritumomab and I-131 
tositumomab is the tight chelation 
formed by tiuxetan to Y-90 leading to 
a stable bond. This characteristic has 
made it possible to calculate the dose 
of Y-90 ibritumomab using platelet 
count and weight alone. On the other 
hand, in the case of I-131 tositumom-
ab, the variable rates of dehalogena-
tion of the I-131 make whole-body 
counting and formal dosimetry for 
each patient a necessity. In the case 
of Y-90 ibritumomab, the monoclo-
nal antibody is the murine version of 
rituximab, whereas tositumomab is a 
CD20-directed antibody unrelated to 
rituximab that targets a different but 
overlapping epitope on CD20 and 
also has a distinct mechanism of ac-
tion on B-cell lines when compared 
with rituximab.11

Yttrium-90 is a pure beta emitter 
and thus can be administered easily 
with plastic shielding in a standard 
office setting.12 On the other hand, 
Y-90, with its lack of gamma emis-
sion, cannot be used for scanning 
purposes. For this reason, indium-111 
(In-111) has been substituted for 
Y-90 for the so-called scanning dose.

Whole-body scans are required in 
the case of Y-90 ibritumomab to as-
sure adequate biodistribution in the 
United States. The incidence of unfa-
vorable biodistribution is so rare that 
the European agencies no longer re-
quire the scanning dose. In the case of 
I-131 tositumomab, radioactive de-

cay results by both gamma and beta 
emission, meaning that body scans 
and counts can be accomplished with 
the same isotope. The gamma decay 
of I-131 tositumomab requires strict 
precautions, including lead shielding 
of the drug, increased safeguards re-
garding patient-family interactions, 
and care of body fluids. In some states, 
hospitalization may be required until 
the body counts reach a determined 
level. The characteristics of the three 
radionuclides are shown in Table 1.

Treatment regimens for 
I-131 tositumomab and 
Y-90 ibritumomab

The treatment programs for both 
agents are shown in Figures 1 and 2. 
In each case, there is a day 1 scan-
ning/dosimetry administration of 
radionuclide using a tracer dose fol-
lowed, approximately 1 week, later 
by the therapeutic dose. Both the 
scanning and therapeutic doses are 
preceded by an infusion of an an-
ti-CD20 antibody; for Y-90 ibritu-
momab, it is rituximab at 250 mg/m2, 
and for I-131 tositumomab, it is tosi-
tumomab at 450 mg. This convention 
is employed to deplete the normal B-
cell population and to enhance bio-
distribution of the therapeutic dose. 
Scans are often performed on the 
third or fourth day (in the case of 
Y-90 ibritumomab) to assess whether 
there is excessive accumulation of ra-
dioactivity in a normal organ, which 
could result in radiation-induced in-

jury. These events have been almost 
nonexistent and, as mentioned, have 
led to the abandonment of this re-
quirement in Europe.

In the case of I-131 tositumomab, 
whole-body counting is used to de-
termine the appropriate dose required 
to administer 75 cGy of radiation for 
those with platelet counts at or above 
150,000/mm3. For patients with a 
platelet count between 100,000/mm3 

and 149,999/mm3, the goal is to ad-
minister 65 cGy. With Y-90 ibritu-
momab, the dose is calculated based 
on body weight, with 0.4 mCi/kg 
for patients whose platelet counts 
are at or above 150,000/mm3 or 0.3 
mCi/kg for platelet counts between 
100,000/mm3 and 149,999/mm3. The 
dose of Y-90 ibritumomab should not 
exceed 32 mCi regardless of the pa-
tient’s body weight.

To qualify for treatment, a bone 
marrow examination must show 
< 25% involvement of the cellular 
marrow by lymphoma and no evi-
dence of impaired bone marrow re-
serve, so as to reduce the risk of 
prolonged and severe cytopenias. Al-
though repeat dosing has been stud-
ied, it is not considered a standard 
therapeutic approach. Likewise, use 
of these agents following autologous 
stem cell transplantation has been 
limited and is not advised.13

Safety issues
The major expected complication 

associated with radionuclide therapy 

Table 1

Physical characteristics of indium-111, yttrium-90, and iodine-131
Characteristic	 Indium-111	 Yttrium-90	 Iodine-131

Decay	 Electron capture	 Beta emission	 Beta and gamma 
			   emission

Mean energy, keV	 Gamma-2: 171.3	 750–935	 Beta: 191.6 
	 Gamma-3: 245.4		  Gamma: 364.5

Half-life, days	 2.81	 2.67	 8.04

Radiation exposure	 8.3 × 10–4 C/kg/h	 8.3 × 10–3 C/kg/h	 2.2 R/mCi/h

Path length, mm	 –	 5	 0.8

C = coulomb, R = roentgen, mCi = millicurie
Source: Zevalin [package insert]. Irvine, CA: Spectrum Pharmaceuticals, Inc; 2009; Bexxar [package insert]. 
Seattle, WA: Corixa Corp; 2003.
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is myelosuppression. This side effect 
differs in its timing from that seen 
with conventional chemotherapeu-
tic agents, with the time of onset 
of neutropenia and thrombocytope-
nia beginning in the third to fourth 
week and the nadir usually occurring 
between weeks 5 and 7, although it 
may vary. Recovery is usually evident 
by week 12. 

Typical nadir counts and times 
to recovery are shown in Table 2. 
As shown, although grades 3 and 4 
events are common, the incidence of 
febrile neutropenia is low, probably 
the result of a lack of the type of mu-
cosal injury associated with cytotoxic 
chemotherapy. Growth factor sup-
port is not usually required.

Other side effects of treatment 
include the infusion reactions asso-
ciated with rituximab administra-
tion and cutaneous toxicities, which 
are uncommon. Reactivation of vi-
ral hepatitis B14 and development of 
JC virus-related progressive multifo-
cal leukoencephalopathy15 have also 
been reported with rituximab. The in-
cidence of myelodysplastic syndromes 
(MDS) and acute myelogenous leu-
kemia (AML) following radionuclide 
therapy for NHL has been a theo-
retic concern, but the reported occur-
rences do not appear to exceed those 
anticipated with chemotherapeutic 
treatments.16

The ability to harvest stem cells 
and administer cytotoxic agents fol-
lowing RIT is a potential issue. Cer-
tainly, stem cell harvests have been 
successfully completed after treat-
ment, but the number of reports is 
limited. Likewise, patients are gen-
erally able to receive further cytotox-
ic therapies after RIT, particularly if 
there is a significant time interval al-
lowed for recovery, but more data are 
needed.17,18

In the case of I-131 tositumomab, 
despite the prophylactic use of Lu-
gol’s solution and similar compounds, 
the potential of developing hypothy-
roidism remains.

FIGURE 1  Dosing schedule for yttrium-90 (Y-90) ibritumomab. Source: Zevalin [package 
insert]. Irvine, CA: Spectrum Pharmaceuticals, Inc; 2009.

FIGURE 2  Dosing schedule for iodine-131 (I-131) tositumomab. TBI = total body irradiation. 
Source: Bexxar [package insert]. Seattle, WA: Corixa Corp; 2003.

Day 1: Rituximab 250 mg/m²

Biodistribution scan at 48–72 hours

Biodistribution acceptable

Day 7, 8, or 9: Rituximab 250 mg/m²

Biodistribution unacceptable

Do not proceed further

In-111 ibritumomab (5 mCi) IV over 10 minutes

Y-90 ibritumomab IV over 10 minutes
0.4 mCi/kg if platelet count ≥ 150,000/mm³

0.3 mCi/kg if platelet count = 100,000–149,000/mm³
Maximum dose of Y-90 ibritumomab: 32 mCi

Within 4 hours

Within 4 hours

Day –1: Initiate thyroid-protective regimen; continue for 14 days post therapeutic dose

Day 0: Tositumomab 450 mg IV over 60 minutes

Biodistribution acceptable

Day 7: Tositumomab 450 IV over 60 minutes

Biodistribution unacceptable

Do not proceed further

I-131 Tositumomab 35 mg IV over 20 minutes
Calculate I-131 activity to deliver 75 cGy TBI if platelet count ≥ 150,000/mm³

Calculate I-131 activity to deliver 65 cGy TBI if platelet count = 100,000–149,000/mm³

I-131 (5 mCi) tositumomab 35 mg IV over 20 minutes

Whole-body dosimetry and biodistribution

Day 2, 3, or 4: Whole-body dosimetry and biodistribution

Day 6 or 7: Whole body dosimetry and biodistribution
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Table 2

Hematologic toxicities after Y-90 ibritumomab treatment
	 Median time to	 Median time to	 Percentage 
Toxicity	 nadir, days (range)	 recovery, days (range)	 of patients

Grade 3 neutropenia	 44.5 (14–775)	 20 (4–388)	 40.2 
(ANC < 1,000–500/mm³)

Grade 4 neutropenia	 46 (11–70)	 28 (6–385)	 26.5 
(ANC < 500/mm³)

Grade 3 thrombocytopenia	 35 (14–64)	 20 (4–654)	 58.8 
(platelet count < 50,000/mm³ 
to 25,000/mm³)

Grade 4 thrombocytopenia	 39.5 (36–55)	 35 (24–847)	 2.0 
(platelet < 25,000/mm³)

ANC = absolute neutrophil count
Source:  Smith et al26

Clinical studies on 
Y-90 ibritumomab

The current label indications for 
Y-90 ibritumomab are for the treat-
ment of (1) relapsed or refractory low-
grade or follicular B-cell NHL and 
(2) as consolidation therapy for those 
with FL who have achieved a partial 
response (PR) or a complete response 
(CR) to first-line chemotherapy.

Results in patients with relapsed/
refractory indolent lymphoma

After phase I and II studies es-
tablished evidence of the efficacy and 
safety of Y-90 ibritumomab, several 
critical phase II/III trials were con-
ducted. A phase III trial randomized 
patients who were rituximab-naive to 
receive rituximab (375 mg/m2 on days 
1, 8, 15, and 22) or Y-90 ibritumom-
ab (0.4 mCi/kg). Seventy-five per-
cent of patients on study (n = 55) had 
FL; 12% had transformed lymphoma 
(n = 9); and the others had SLL, lym-
phoplasmacytic lymphoma, marginal 
zone lymphoma, or MALToma (mu-
cosal-associated lymphoid tissue lym-
phomas; n = 9). The median number 
of prior regimens was two for both 
the rituximab and RIT arms.

The RR for the patients treated 
with RIT was 80%, whereas the RR 
for those treated with rituximab was 
56%. Likewise, the CR rate favored 
RIT: 30% versus 16%. Despite these 
encouraging results, the duration of 

response was insignificantly longer 
for RIT: 14.2 versus 12.1 months.19 
These data may underestimate the ef-
ficacy of Y-90 ibritumomab in that 
the depth of response was greater in 
the case of RIT; therefore, the time 
to reach the baseline level of disease 
would have been considerably longer 
in the patients treated with RIT.

Results in rituximab-refractory patients
The distinct activity of RIT was 

shown in a small study of Y-90 ibri-
tumomab in rituximab-refractory 
patients (defined as patients who ei-
ther never responded to rituximab or 
whose duration of response was less 
than 6 months). The patient popula-
tion on study included 95% with FL 
(n = 54), 4% with SLL (n = 2), and 
2% with transformed lymphoma (n = 
1). Of the 54 patients with FL treat-
ed, 74% achieved a response, with a 
CR rate of 15%. The median time to 
disease progression (TTP) was 6.8 
months for the group and 8.7 months 
for responders.20

Results in thrombocytopenic patients
A small phase II trial was con-

ducted in 30 patients whose platelet 
counts ranged from 100,000/mm3 to 
149,999/mm3. In these patients, the 
dose of Y-90 ibritumomab was re-
duced to 0.3 mCi/kg. The patient 
population consisted of relapsed or 
transformed lymphomas. FL made 
up 83% of the patients, whereas trans-

formed lymphoma comprised 10% of 
the total. The patients had received a 
median of two prior lines of therapy.

The ORR was 83%, with a CR 
rate of 37% and an unconfirmed CR 
rate (CRu) of 6.7%. The median TTP 
was 9.4 months.21 Grade 4 thrombo-
cytopenia occurred in 13% of cases. 
Long-term remissions were seen in 
this study as in others, with two pa-
tients remaining in CR for 41 and 
54.8 months, respectively.22

Optimal timing
One of the major issues complicat-

ing the interpretation of the value of 
RIT is case selection. In many cases, 
RIT was administered late in the nat-
ural history of the disease, after the 
failure of many lines of treatment. 
Not surprisingly, the majority of such 
patients did poorly. When Emma-
nouilides et al examined the results of 
treatment for patients in first relapse 
as opposed to those receiving two or 
more lines of therapy, striking advan-
tages to the earlier use of RIT were 
evident.23 The ORR (86% vs 72%) 
and CR rate (CR/CRu, 49% vs 28%; 
P = 0.004) favored the earlier use of 
Y-90 ibritumomab. More important, 
the duration of CR favored RIT (22.8 
months vs 14.6 months) for the group 
with only one prior therapy. A signif-
icant proportion of patients experi-
enced long-lasting remissions exceed-
ing 50 months, with some of them 
being resistant to rituximab. These 
data suggest that the optimal use of 
RIT would be early in the natural his-
tory of the disease.

Use as consolidation therapy
In the consolidation setting, 414 

patients with stage III or IV FL who 
achieved a CR, CRu, or PR after var-
ious front-line therapies were ran-
domized to receive either consoli-
dation Y-90 ibritumomab within 3 
months of induction or observation. 
In the observation arm, 15.6% of pa-
tients received rituximab as part of 
their induction regimen, compared 
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with 13.2% of patients in the Y-90 
ibritumomab arm.

After a median observation time 
of 3.5 years, PFS for all Y-90 ibri-
tumomab patients was 36.5 months, 
versus 13.3 months for those in the 
observation-only arm (P < 0.0001).24 
For the subset who achieved a CR/
CRu after induction chemotherapy, 
PFS was 53.9 months for the Y-90 
ibritumomab-treated group and 29.5 
months for the observation-only 
group (P = 0.0154). The conversation 
rate from PR to CR/CRu after con-
solidation with Y-90 ibritumomab 
was 77%, resulting in a final CR rate 
of 87%.

The incidence of grade 3 or 4 neu-
tropenia was 40.2% and 26.5%, re-
spectively, and the incidence of grade 
3 or 4 thrombocytopenia was 58.8% 
and 2.0%, respectively. The medi-
an days to neutrophil nadir for the 
Y-90 ibritumomab patients were 44.5 
and 46 days for grades 3 and 4 neu-
tropenia, respectively, and the me-
dian recovery times were 20 and 28 
days, respectively. The median days 
to platelet nadir were 35 and 39.5 
days, respectively, for grades 3 and 4 
thrombocytopenia, and the median 
recovery times were 20 and 35 days, 
respectively.

Utilizing real-time quantitative 
polymerase chain reaction (RQ-PCR), 
186 of the 414 enrolled patients were 
found to have a bcl-2 rearrangement 
and were eligible for RQ-PCR anal-
ysis. The conversion rate from bcl-2 
PCR detectable to undetectable in the 
Y-90 ibritumomab-treated patients 
was 90%, compared with 36% in the 
observation-only group. For those who 
converted from PCR detectable to 
PCR undetectable after receiving Y-90 
ibritumomab, PFS was 40.8 months, 
versus 24 months for those who con-
verted from PCR detectable to unde-
tectable in the observation-only arm 
(P < 0.01).25

The major issue identified in this 
study is the applicability of results in 
the current treatment milieu. With 

only 14% of patients receiving ritux-
imab as part of the induction regi-
men, the results cannot be general-
ized to today’s standard of practice, 
in which chemoimmunotherapy is 
the norm. Furthermore, in an era of 
increasing use of rituximab mainte-
nance, the obvious question is wheth-
er rituximab maintenance or consoli-
dation with RIT is the better strategy 
in terms of efficacy, ease of adminis-
tration, and cost.

In another phase II study, consol-
idation Y-90 ibritumomab was ad-
ministered to 56 patients with stages 
II−IV MCL who completed 4 cycles 
of R-CHOP and achieved a CR, PR, 
or stable disease (SD) after induc-
tion. Ninety-one percent of the pa-
tients had stage III or IV disease, 79% 
had more than one extranodal site in-
volved, and 78% had marrow involve-
ment by lymphoma. Fifty-one pa-
tients received all treatments on study, 
and the best response was a CR/CRu 
rate of 42%, with a PR rate of 32%. 
Improvement in response was seen in 
16 patients after Y-90 ibritumomab 
consolidation. At a follow-up of 24.4 
months, median failure-free surviv-
al was 27 months. Fifty-five percent 
of patients experienced grade 3 or 4 
neutropenia, and 45% experienced 
grade 3 or 4 thrombocytopenia.26

Other potential indications
Y-90 ibritumomab has been stud-

ied in a number of other circum-
stances. Although this article will not 
cover the rather extensive literature 
regarding its use as part of high-dose 
therapies requiring stem cell support, 
much of these data are encouraging 
and reviewed elsewhere. Other po-
tential indications in which limited 
studies have been published include 
for DLBCL27 and MCL.28 However, 
more data are needed to properly as-
sess the value of RIT for these indi-
cations. Small studies have been pub-
lished in which abbreviated courses of 
chemotherapy have been followed by 
consolidation with RIT.29−31 These re-

sults are encouraging but require veri-
fication in large randomized clinical 
trials.

Clinical studies on 
I-131 tositumomab

Currently, I-131 tositumomab has 
label indications that include treat-
ment of FL, with and without trans-
formation. It should be noted that 
there is an indication for transformed 
lymphoma, which is not the case for 
Y-90 ibritumomab, and also there 
is no front-line indication as yet for 
I-131 tositumomab.

Results in patients with rituximab-
naive relapsed or refractory NHL

Early studies with I-131 tositu-
momab turned to the rituximab-na-
ive population. One phase II trial fo-
cused on 47 rituximab-naive patients 
with either low-grade (79%) or trans-
formed (21%) NHL who did not re-
spond or no longer responded to an 
anthracycline or anthracenedione 
regimen.32 The ORR was 57%, and 
the CR rate was 32%. Somewhat sur-
prisingly, the RR for low-grade (57%) 
and transformed (60%) lymphomas 
was similar. The median duration of 
response was 9.9 months for all pa-
tients and 19.9 months for patients 
achieving a CR.

A second study also examined pa-
tients with low-grade or transformed 
B-cell lymphoma who had received 
at least two prior chemotherapy reg-
imens and were either refractory to 
their last therapy or had relapsed 
within 6 months.33 In that trial, the 
ORR was 65%, which compared fa-
vorably with the ORR of 28% ex-
perienced with their last qualify-
ing regimen. The CR rate was 20%, 
with a median duration of response 
(DOR) of 6.5 months. The median 
DOR for patients achieving a CR 
had not been reached at 47 months, 
attesting to the potential durability 
of responses in patients who achieve 
a CR with RIT. In this trial, MDS 
was diagnosed in 4 of 60 enrolled pa-
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tients at a median of 35.5 months af-
ter treatment.

Results in patients with relapsed 
or refractory NHL who were 
previously treated with rituximab

In a study of 40 patients, a hetero-
geneous population of patients with 
predominantly FL and transformed 
lymphoma who had progressed after 
rituximab, never responded to ritux-
imab, or had responses of less than 6 
months were treated.34 The ORR was 
65%, and the CR rate was 38%. The 
median PFS was 10.4 months. For 
those patients who attained a CR, the 
median PFS had not been reached at 
3.3 years. Patients with FL and low-
bulk disease had a PFS of 48% at 3 
years, whereas patients with other 
types of lymphoma fared less well, with 
a PFS of 11%. Two of these patients 
developed MDS and later AML.

Use as a single agent in the front-
line setting for low-grade lymphoma

Kaminski and colleagues reported 
on a series of patients with previous-
ly untreated mostly FL given I-131 
tositumomab as their first regimen. 
A total of 76 patients with stage III 
or IV, grade 1 or 2 FL (and 1 patient 
with MCL) were treated. Of these 
patients, tumor bulk ≥ 5 cm was not-
ed in 43%, whereas 64% had bone 
marrow involvement by lymphoma 
of 1%−25%. The ORR was 95%, and 
the CR rate was 75%.35 Eighty per-
cent of patients whose PCR for bcl-
2 gene rearrangement was positive 
became negative. Bone marrow in-
volvement by lymphoma at baseline 
was associated with a decreased CR 
rate, compared with those without 
bone marrow involvement. For those 
who achieved a CR, neither the bulk 
of disease (P = 0.39) nor the involve-
ment of bone marrow by lymphoma 
(P = 0.09) had a significant impact 
on PFS. Clinical and/or chemical hy-
pothyroidism occurred in 13% of pa-
tients at 5 years. With a median fol-
low-up of 7.93 years, the OS rate was 

86%, and the PFS rate was 50%; for 
those who achieved a CR, the 8-year 
PFS rate was 64%. No cases of MDS 
or AML were observed.36

These findings are most provoca-
tive, showing long-term results equiv-
alent to those reported for chemoim-
munotherapy, including maintenance 
therapy. However, enthusiasm is tem-
pered by the fact that the results have 
come from a single institution and 
have not been repeated. Furthermore, 
these patients, as a group, may have 
had a somewhat favorable prognosis, 
with more than 50% of them having 
a lower International Prognostic In-
dex (IPI) score and a nonbulky tumor 
measuring < 5 cm.

Use as consolidation therapy
The Southwest Oncology Group 

(SWOG) has conducted a phase II 
trial of 90 patients with FL (bulky 
stage II, III, or IV) treated with 
CHOP followed by consolidation 
with I-131 tositumomab. Eighty-
three evaluable patients received 6 
cycles of CHOP. If they achieved at 
least a PR, they went on to receive a 
single course of RIT 4−8 weeks after 
concluding chemotherapy. Follow-
ing CHOP alone, 27% of patients 
achieved a CR and 12%, a CRu. For-
ty-nine percent of patients obtained a 
PR, whereas 2% had SD. After I-131 
tositumomab consolidation, 23 pa-
tients converted their responses from 
PR to CR/CRu, and 4 patients im-
proved their responses from CRu to 
CR.37

Thirty-eight patients were avail-
able for serial bone marrow PCR 
analysis of baseline positivity for 
(14;18) translocation, with 32 pa-
tients (84%) becoming PCR-negative 
after protocol therapy. Seven patients 
(18%) converted to PCR-negative af-
ter CHOP, and an additional 24 pa-
tients (63%) converted to PCR-neg-
ative after I-131 tositumomab. At 5 
years of follow-up, the estimated OS 
was 87%, and the PFS was 67%.38 
Compared with 356 historic FL pa-

tients from two prior SWOG studies 
(S7426, S7713) who received CHOP 
alone, the 5-year OS and PFS esti-
mates from this I-131 tositumom-
ab consolidation study represented a 
23% absolute improvement over the 
historic data, 67% versus 44% for PFS 
(P = 0.001) and 87% versus 64% for 
OS (P = 0.0003).

Smaller trials have also examined 
the potential role of I-131 tositu-
momab as a front-line consolidation 
strategy. Thirty patients with untreat-
ed FL were given 6 cycles of CVP 
(cyclophosphamide, vincristine, and 
prednisone) followed by I-131 tosi-
tumomab. Of the 30 patients, 29 had 
stage III or IV disease. The CR and 
PR rates were 53% and 47%, respec-
tively, following CVP.39 After RIT, 
the CR rate was 93%. Of 14 patients 
with a PR, 12 converted to a CR with 
RIT. After a median follow-up of 101 
months, the 2- and 5-year PFS rates 
were 76% and 56%, respectively. OS 
rates were 96% and 83% at 2 and 5 
years. One patient developed MDS 
7.3 years after RIT, and another de-
veloped AML 20 months after RIT.

Conclusion
RIT for NHL remains a viable 

option for patients, with Y-90 ibri-
tumomab currently approved for 
treatment of low-grade lymphomas 
including FL in the relapsed or refrac-
tory setting as well as consolidation 
treatment for patients with previous-
ly untreated FL who achieve a PR or 
CR to first-line chemotherapy. I-131 
tositumomab is approved for relapsed 
or refractory FL, with or without 
transformation. The use of RIT as a 
consolidation therapy is an appeal-
ing strategy, given the short course of 
well-tolerated therapy, which must be 
compared with today’s prevalent ap-
proach using maintenance schedules 
of rituximab.

The potential indications of RIT 
in MCL, and particularly DLBCL, 
await more definitive studies. Addi-
tional studies to examine the role of 
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Y-90 ibritumomab and I-131 tositu-
momab as part of conditioning regi-
mens in stem cell transplantation are 
also in progress.

Advantages of RIT include the 
brevity of the treatment program, the 
reversible myelotoxicity without other 
common side effects, and the reduc-
tion of frequent office visits. The cost 
of RIT may be competitive, given the 
lack of rituximab maintenance costs.

At present, there has been no ran-
domized controlled study direct-
ly comparing the efficacy and safety 
of Y-90 ibritumomab with those of 
I-131 tositumomab; hence, there is 
no evidence yet to allow selection of 
one RIT agent over another. Howev-
er, in terms of ease of administration, 
Y-90 ibritumomab, with the require-
ment of platelet count and weight 
only for dosing, is the less complicat-
ed treatment.
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T he study of cancer and aging has 
emerged as a critical issue in oncolog-
ic care. Life expectancy has increased 
significantly over the past 100 years, 
and further increases are projected. 

Cancer is the most common cause of death among 
persons younger than age 85 years, with approx-
imately half of all cancers occurring in the popu-
lation aged 65 years and older. Persons 65 years of 
age and older are estimated to become 20% of the 
US population by 2030. The over-75 age group will 
triple by 2030, and the group 85 years or older will 
double in the same period. These statistics outline an 
increasing older cancer population that will require 
oncology management and social supports specific 
for their needs. The place of residence of the older 
cancer survivors will be an important aspect of their 
social supports and access to healthcare.

Living alone
In 2003, 10.5 million people aged 65 or older 

lived alone, three-quarters of whom were women. 
The living arrangements of the older population 
reflect factors other than marital status, including 
health status, socioeconomic situation, and fam-
ily and cultural ties.1–3 Independent living arrange-
ments—living either alone or with a spouse—are 
considered most desirable for older adults in the 
United States because they offer more autonomy. 
However, these living arrangements, in particular 
living alone, can increase social isolation and reli-
ance upon formal social supports.1 Older unmarried 
people who live alone, most of whom are widowed, 
are generally in better health than those who do not 

live alone. At the same time, older people who live 
alone are more likely to reside in poverty than older 
people who live with their spouses. In 1910, 12% 
of widowed women aged 65 and older lived alone, 
compared with 68% in 2003.4 Broad social change, 
including mortality and fertility decline, rising in-
comes, and the implementation of Social Security 
and Medicare, has contributed to this increase.

As age increases and widowhood rates rise, the 
percentage of the population living alone also in-
creases. In 2003, 29.6% of women aged 65–74 years, 
47.6% aged 75–84 years, and 57% aged 85 and older 
lived alone; the corresponding figures for men were 
15.6%, 21.2%, and 30.1%, respectively. Since 1980, 
both the number and share of oldest-old women (85 
and older) who lived alone have increased; the num-
ber more than doubled (508,000 to 1.3 million), 
and the proportion increased from 45% to 57%. The 
most noticeable change since 1970 occurred in the 
share of women aged 75 and older who lived alone, 
which increased from 37% in 1970 to 54% in 1990 
before falling to 50% in 2003.
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Housing options  
for senior adults

Appropriately designed homes for 
older adults can greatly enhance their 
quality of life.5 Those who perceive 
their home environment as useful and 
meaningful and who are independent 
in daily activities are in better health 
overall.6 As such, safe housing op-
tions need to be designed for the el-
derly, allowing them to remain inde-
pendent while still receiving the care 
they need.

Lawton discusses the concept of 
environmental press in relation to an 
older person’s competence.7 Environ-
mental press is the “extent to which 
an environment demands a response 
from the person.” If an environment 
is too demanding for an older adult’s 
capabilities, or if it puts too few de-
mands on him or her, there is a poor 
fit between the person and his or 
her environment.8 Such misfits stem 
from auditory, neuromotor, and mus-
culoskeletal changes and changes to 
bones and muscles that occur with 
age. These changes can influence the 
ability of older adults to successfully 
navigate their home environment and 
engage in daily activities.9

The relationship between indi-
vidual competence and environmen-
tal press is especially unstable in very 
old age due to the decreased ability of 
older adults to adapt to new environ-
ments.6 Environmental press can oc-
cur if residents perceive their housing 
hazards as uncontrollable.10 If stress-
ful environments produce chronic 
stress, residents are at a greater risk 
of developing life-threatening condi-
tions.11 Furthermore, homes that pro-
vide an enabling environment for se-
niors can bring them to a higher level 
of functioning and can delay or pre-
vent the need for institutionalization. 
High levels of environmental press 
are especially present in older adults 
living in poor housing conditions. 
The concept of environmental press 
further supports the idea that hous-

ing options for older adults need to be 
designed specifically for their particu-
lar needs.

Aging in place
The majority of older adults pre-

fer to age in place, or to remain in 
the home they have been living in for 
many years. Their homes, however, 
may not be designed to accommodate 
older users. Physical barriers, such as 
stairs and narrow hallways, may pro-
hibit older adults from moving easily 
around their homes. The Adminis-
tration on Aging found that in 2007 
the average home occupied by older 
adults was constructed in 1969, and 
4.4% of these homes presented phys-
ical barriers.12 Therefore, many of 
these homes do not accommodate the 
changing needs of older adults, since 
they have lived in their residences for 
a long time without making any sub-
stantial modifications.10 Additional-
ly, these homes, which may be dete-
riorating due to their age, can have a 
negative effect on the physical health 
of the elderly residents.13

A properly designed home envi-
ronment can ensure the health and 
safety of its residents. Because of nat-
ural changes that occur with age, old-
er adults often believe that they are 
no longer capable of performing the 
daily tasks they were once able to car-
ry out. Older adults often see them-
selves, rather than their environment, 
as the problem, attributing their loss 
of functional capability to their own 
impairments rather than to the physi-
cal barriers imposed by the environ-
ment.14 To cope with such a situation, 
environmental barriers must first be 
recognized as the source of the prob-
lem because “people may lack the 
knowledge or experience necessary 
to eliminate or modify them,”15 and 
many older adults are unaware of the 
benefits that home modifications and 
retrofitting can provide.10

Physical obstacles may present 
themselves if home modifications are 
not implemented, making an old-

er adult’s home environment a cause 
for his or her deteriorating health. 
The most dangerous hazards for older 
adults in the home include falls, in-
adequate lighting, fire hazards, entry 
to the home by intruders, noise, inad-
equate provision of food safety, con-
taminated water, and hazards from 
excess heat and cold.10 Older adults 
who live in run-down buildings also 
tend to be physically and socially iso-
lated because of the obstacles they 
confront when leaving their homes, 
such as steps and clutter in the hall 
that could pose tripping hazards.13

In 2007, the World Health Orga-
nization (WHO) published a prelim-
inary overview of the LARES (Large 
Analysis and Review of European 
Housing and Health Status) survey, 
which sought to improve our knowl-
edge of the impact existing housing 
conditions have on health, mental, 
and physical well-being.16 This survey 
was administered from 2002 to 2003 
in eight European cities. Although it 
did not focus specifically on housing 
for older adults, 21% of the partici-
pants were older than age 60. In 76% 
of the homes analyzed in the LARES 
survey, there was a step at the entrance 
to the home, causing the residence to 
be inaccessible and dangerous for the 
elderly. The corrective measure would 
be to build a ramp to the front door. 
The survey found a number of other 
modifications needed in the homes of 
handicapped persons, including mak-
ing changes to the bathroom, build-
ing an elevator, adapting staircases, 
extending/enlarging doors and adapt-
ing windows, installing handrails, and 
making changes to the kitchen.

The LARES survey concluded 
that “housing conditions are strongly 
related to the risk of accidents and in-
juries,” including falls, burns, and cuts. 
In the United States, for example, un-
intentional falls accounted for 18,807 
deaths in 2004, 80% of which were 
people older than age 65.17 There-
fore, it is imperative for homes to be 
designed without potential tripping 
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hazards and other obstacles, such as 
area rugs.9

Home modifications help main-
tain the safety of the residents and 
allow them to live a healthy lifestyle. 
Those who fall and suffer moderate to 
severe injuries reduce their mobility 
and independence and increase their 
risk of premature death. Improving 
color contrast between furniture and 
the surrounding area and between 
stair treads decreases the likelihood 
of falls, as does installing handrails 
on both sides of the stairs. Grab bars 
in the bathroom, both in the shower 
and around the toilet, can ease trans-
ferring and reduce the risk of falling. 
Burns occurring in both the bathroom 
and kitchen can be reduced by install-
ing antiscald valves on all faucets; 
these devices automatically reduce 
water flow to a trickle when it reach-
es 120 °F. If older adults can perform 
tasks in the bathroom independently, 
their ability to maintain their autono-
my and sense of self-worth will be ex-
tended.9 There are many other mod-
ifications that can be done to make 
homes safer. The AARP website and 
its housing publications, for example, 
provide checklists specifying the ele-
ments to be included in a safe and ac-
cessible home for older adults.

There are a number of initiatives 
in the United States to assist the ag-
ing community of all income levels in 
modifying their homes to make them 
safer environments to age in place. 
In 2009, the acting Surgeon General 
Steven K. Galson, MD, MPH, issued 
“The Surgeon General’s Call to Ac-
tion to Promote Healthy Homes.”18 
The document was planned to focus 
attention on how housing can affect 
health and to initiate an exchange of 
ideas about the importance of healthy 
homes among parents, homebuilders, 
community leaders, and policy mak-
ers. Dr. Galson stated, “We can pre-
vent many diseases and injuries that 
result from health hazards in the 
home by following the simple steps 
outlined in this Call to Action.” Some 

of the simple recommendations that 
relate specifically to the elderly popu-
lation include preventing falls by in-
stalling grab bars in showers and pre-
paring a fire escape plan.

Rebuilding Together is a nonprofit 
organization that provides lower-in-
come homeowners, including the el-
derly, with “free home modifications 
and repairs, making homes safer, more 
accessible, and more energy efficient.”19

The National Association of Home 
Builders (NAHB) and AARP devel-
oped the Certified Aging-in-Place 
Specialist (CAPS) certification pro-
gram to teach professionals (ie, re-
modelers, contractors, designers) “the 
strategies and techniques for design-
ing and building aesthetically enrich-
ing, barrier-free living environments.”5 
These professionals help older adults 
determine the home modifications 
they need to be able to age in place. 
Although these services may be ex-
pensive, CAPS specialists help con-
sumers make informed decisions 
about undertaking modifications that 
can help them maintain their inde-
pendence for a longer period.

Overall, home modifications help 
to improve the quality of life for older 
adults. Modifications make the daily 
routines of older adults easier to per-
form, ensuring they are safe in their 
homes and allowing them to age in 
place. Performing modifications pro-
motes self-care and safe, independent 
living among the growing elderly 
population.13,20

Naturally occurring 
retirement communities

Naturally occurring retirement com-
munities (NORCs) emerge when an 
entire community of people remain in 
their homes for long periods or as a re-
sult of an in-migration of older adults 
wishing to age in a NORC.8 Section 
422 of the 2006 Amendments to the 
Older Americans Act (OAA) defines 
a NORC as “a community with a con-
centrated population of older indi-
viduals, which may include a residen-

tial building, a housing complex, an 
area (including a rural area) of single-
family residences, or a neighborhood 
composed of age-integrated housing,” 
where at least 40% of the residents 
are older. Almost one-third of all old-
er adults live in a NORC, and at least 
half of the residents are 60 years or 
older. NORCs are an attractive option 
because they provide services to the 
residents, including social and recre-
ational programs, transportation, and 
healthcare. Living in a NORC allows 
residents to age in place and receive 
the care and assistance they may need.8

In the OAA reauthorization of 
2006, Congress authorized the Com-
munity Innovations for Aging in 
Place (CIAIP) Initiative to provide 
grants to communities to enable older 
adults to age in place in their current 
homes and communities. For exam-
ple, the New York City Department 
for the Aging received $338,575 from 
the CIAIP Initiative to aid an existing 
NORC in New York City to improve 
the health of its residents and guide 
changes for aging-in-place models.

Home sharing
The Administration on Aging re-

ported that in 2008, more than half 
(54.6%) of noninstitutionalized peo-
ple aged 65 and older lived with their 
spouse; however, about 30.5% of nonin-
stitutionalized older adults were living 
alone.12 Only 28.9% of women 75 years 
or older lived with a spouse in 2008.12 
For those who are living alone, home 
sharing, in which two or more unrelat-
ed individuals share a home or apart-
ment, is an option. The tenants often 
pay rent, therefore providing financial 
assistance as well as companionship and 
help with household chores. In a survey, 
those with a yearly household income 
under $50,000 found home sharing to 
be more appealing than those earning 
more than $50,000.8,21

Accessory dwelling units
Accessory dwelling units (ADUs) 

are an intergenerational approach 
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to housing older adults. An ADU is 
an “extra living unit on your proper-
ty, complete with kitchen, bathroom 
and sleeping facilities.”22 One type of 
ADU is ECHO (elder cottage hous-
ing opportunity) housing. ECHO 
units, or elder cottages, can be a small 
modular home placed on the proper-
ty of an older adult’s child or can be 
an extra living unit attached to the 
main house. These housing units al-
low older adults to maintain their 
independence by living in their own 
cottage while still receiving the nec-
essary support from the host family 
living in the main house on the prop-
erty. Although elder cottages must 
meet zoning regulations, most mu-
nicipalities allow this type of housing 
if it is only temporary and is promptly 
removed once the resident no longer 
lives there.23

Another ADU recently developed 
is the MEDCottage, “an alternate so-
lution for our society that would be 
emotionally satisfying yet affordable...
the ideal solution for families desir-
ing to care for a family member while 
maintaining their current lifestyle.”24 
The MEDCottage is described as “a 
state-of-the-art high-tech tempo-
rary mobile medical home that may 
be placed on the caregiving family’s 
property…[providing] an immedi-
ate medical environment for disabled 
loved ones for the purpose of recov-
ery or rehabilitation.”24 These cot-
tages provide internet cameras (web 
cams) and voice communications, 
movement locators, medicine con-
sumption monitoring, air filtration, 
hazardous waste disposal, and oth-
er environmental protections. By in-
stalling a MEDCottage, some of the 
caregiver’s burden is relieved because 
of the technology built into the cot-
tage. Caregivers do not have to keep 
a constant eye on their loved one be-
cause they know the monitoring sys-
tems will alert them to potential dan-
gers. This is an innovative approach to 
caregiving, allowing a loved one to re-
main close to family during the end 

of life while still receiving medical as-
sistance.

Congregate housing
Congregate housing facilities usu-

ally have private apartments for each 
resident and include congregate com-
mon spaces for recreation and dining. 
One such environment is the Green 
House, a concept developed by Bill 
Thomas. The Green House is meant 
to feel and look more like a home 
rather than an institutional setting. It 
is a place where seniors can live a “full 
and interactive life.”25 Eight to ten 
seniors live in a Green House, each 
with his or her own private room and 
bathroom. The Green House blends 
in with its neighboring community 
and is described as warm, smart, and 
green: warm in the floor plan, fur-
nishings, and people; smart in the 
use of “smart-technology computers, 
wireless pagers, electronic ceiling lifts, 
and adaptive devices”; green in the 
amount of “sunlight, plants, and ac-
cess to outdoor space.”26

Assisted-living facilities
Assisted-living facilities (ALFs) 

provide an intermediate level of care. 
Many older adults move to an ALF 
after a major life transition, such 
as the death of a spouse or a major 
health problem. There are between 
30,000 and 65,000 ALFs in the Unit-
ed States. The majority of residents 
are female (74%) and white (97%). 
ALFs provide meals, personal care, 
limited medical assistance, house-
keeping, utilities, social activities, 
transportation, and security.13

The effect of living in an AFL on 
quality of life differs for individual 
ALF residents. Some may sense that 
moving into an ALF decreases their 
sense of autonomy, and their new resi-
dence does not feel like home. On the 
other hand, some residents feel that it 
enhances their quality of life because 
they are surrounded by people and 
are not isolated in their homes; how-
ever, some residents may find it diffi-

cult to form new friendships. Higher 
resident satisfaction has been found 
in smaller facilities because the envi-
ronments feel homier and encourage 
closer personal relationships among 
the residents and staff,13 similar to the 
idea of the Green House previously 
discussed.

Many older adults move to ALFs 
in an attempt to age in place. How-
ever, it has been found that the aver-
age stay for residents was only 30.8 
months.13 Therefore, moving to an 
ALF is usually only one step along a 
person’s continuum of care. A better 
option for aging in place might be a 
continuing care retirement commu-
nity (discussed below).

Continuing care retirement 
communities

Continuing care retirement com-
munities (CCRCs) gained popular-
ity in the 1990s. These facilities pro-
vide three levels of care on the same 
campus: independent living, assisted 
living, and skilled nursing care. This 
structure allows CCRC residents 
the ability to age in place; once resi-
dents move to a CCRC, they intend 
on staying there for the rest of their 
lives. Because of the high costs of liv-
ing in a CCRC, only 4.4% of people 
aged 65 and older lived in such a set-
ting in 2007. CCRCs require an up-
front fee that can range from $25,000 
to $35,000 or as high as $500,000 and 
monthly fees of $1,500–$2,500 and 
$3,500–$5,000. Monthly fees gen-
erally cover the cost of rent, utilities, 
one meal a day, access to a health clin-
ic, and transportation.13

Currently, some CCRCs are be-
ginning to resemble five-star hotels 
and health resorts rather than senior 
facilities. They may provide a vari-
ety of dining options and have many 
amenities including spas, all of which 
are located on the CCRC campus so 
the residents can access what they 
need without having to go very far.27 
Many CCRCs have connections to 
local universities, allowing residents 
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to attend university classes, sporting 
events, and lectures. In return, univer-
sity students have internship oppor-
tunities at the CCRC or can receive 
mentoring from the residents.28

Elderly cancer survivors
There are more than 9.5 million 

cancer survivors in the United States, 
and their numbers are growing. The 
majority of them are older cancer pa-
tients who need a safe environment 
to live. There are many variables when 
determining where one should live in 
later life. Regardless of which envi-
ronment one chooses, it is important 
that it is safe environment and sup-
ports the abilities of older adults. It 
should also take into account the per-
son’s overall health, including comor-
bidities and functional status. The liv-
ing environment should be integrated 
into the overall health planning of 
older cancer patients and survivors.
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B reast cancer continues to 
be the most common non-
cutaneous malignancy di-
agnosed in women. In 

2009, it was estimated that there were 
193,370 new cases of invasive breast 
cancer in the United States.1 With the 
introduction of breast cancer screen-
ing, women are being diagnosed with 
earlier stage disease, resulting in de-
creased mortality and morbidity.2 
Breast-conserving surgery and whole 
breast radiation therapy (WBRT) 
have been proven equivalent to mas-
tectomy in disease-free and overall 
survival3,4 and are now a standard op-
tion for early-stage breast cancer.

Following breast-conserving sur-
gery, the most widely used radiation 
technique is WBRT. This treatment is 
given daily, 5 days per week, for 5−6 
weeks. The time and travel commit-
ment can be a deterrent for some pa-
tients who would be appropriate can-
didates for breast conservation. This 
problem can lead some patients to 
elect mastectomy or to compromise 
their treatment by receiving no ad-
juvant radiotherapy after breast-con-
serving surgery. In their study of the 
appropriateness of breast-conserving 
surgery, Nattinger et al reported this 
figure to be as high as 25%.5 In ru-
ral areas, where access to radiation 

Use of MammoSite balloon 
brachytherapy for early-stage  
breast cancer
Russell W. Jenkins, Leander Cannick III, MD, and Jennifer L. Harper, MD
Department of Radiation Oncology, Medical University of South Carolina, Charleston, SC

MammoSite balloon brachytherapy (MBT) is a form of accelerated partial breast irradiation that is used in the 
setting of breast-conserving treatment for early-stage breast cancer. MBT permits effective irradiation of the 
tumor bed with a diminished impact on normal surrounding tissue and without the protracted course of treatment 
required with whole breast radiation therapy (WBRT). Although MBT remains a relatively new treatment modality 
compared with WBRT, mounting evidence continues to support a role for MBT as a useful alternative to WBRT.

therapy care is logistically challeng-
ing for patients, this issue is extremely 
important.

Accelerated partial breast irradia-
tion (APBI) is a form of high-dose-
rate brachytherapy used as an alter-
native to WBRT in appropriately 
selected patients.6 APBI is commonly 
used as an adjuvant treatment in the 
setting of breast-conserving surgery 
and can be delivered over 5 consec-
utive days, rather than 5−6 weeks as 
with conventional WBRT. Given that 
most local recurrences after breast-
conserving therapy occur in the tu-
mor bed, partial breast irradiation 
techniques are targeted to address this 
pattern of failure.7

Over the past decade, APBI has 
been intensely investigated, with re-
cently reported clinical trials describ-
ing 5-year local recurrence rates com-
parable to those with lumpectomy 
followed by WBRT, with local tumor 
control rates in the ipsilateral breast 
of at least 95%.8,9 There are various 
types of APBI delivery systems that 
are currently used, each with the same 
basic premise of delivering high-dose, 
conformal, localized radiation therapy 
to the tumor bed. To date, there is no 
APBI system that has been found to 
be superior, and the method chosen is 
largely dependent on the surgeon and 

the oncologist. At the Medical Uni-
versity of South Carolina (MUSC), 
MammoSite (Hologic, Inc.; Bedford, 
MA) balloon brachytherapy (MBT) 
represents the mainstay of APBI for 
early-stage breast cancer.

What is MBT?
MBT is a form of APBI that in-

volves the surgical placement of a 
balloon catheter in the lumpectomy 
cavity (Figure 1), CT simulation for 
radiation treatment planning, and ra-
diation treatment delivery. MBT was 
approved for use by the US Food 
and Drug Administration in May 
2002, and the MUSC began its par-
tial breast irradiation program at that 
time.

The MBT device can be implant-
ed either at the time of lumpectomy 
(open technique) or several weeks 
after surgery (closed technique) and 
can be removed after the final frac-
tion is given. The closed technique 
has the advantage of permitting time 
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for pathologic diagnosis, resulting in 
fewer incidents of catheter removal 
secondary to unexpected patholog-
ic findings. Deeper placement of the 
catheter (> 7 mm from the skin sur-
face), judicious use of antibiotics, and 
improved catheter care have all con-
tributed to improved outcomes.10

CT planning typically occurs 
within 2 days of surgical placement 
to ensure proper placement of the de-
vice. The high-dose-rate brachythera-
py involves placement of iridium-192 
to a prescribed dose of 34 Gy over 
10 fractions (Figure 2), administered 
twice daily with at least 6 hours be-
tween fractions. The dose is typically 
prescribed to 1 cm beyond the surface 
of the balloon to provide sufficient 
coverage of the tumor bed.

Who is eligible for MBT?
At the outset of the MUSC APBI 

program, patients were deemed eligi-
ble if they had a histopathologic di-
agnosis of ductal carcinoma in situ 
(DCIS) or invasive ductal carcino-
ma (IDC), a single focus of tumor, 
a primary tumor of ≤ 3 cm, negative 
surgical margins, and ≤ three posi-
tive lymph nodes. These eligibility 
criteria have been modified follow-
ing the recent publication of guide-
lines for APBI in the form of a con-
sensus statement by the American 
Society for Radiation Oncology, and 
we no longer recommend this treat-
ment for patients with positive lymph 
nodes.11 Eligible patients also must 
be able to comply with catheter care 
instructions (eg, by avoiding bathing 
and keeping the catheter dry during 
the course of treatment and for 24−72 
hours after removal of the device).

What are the complications 
of MBT?

The early institution of MBT at 
MUSC and subsequent reporting 
of the acute toxicities, late toxicities, 
and long-term oncologic outcomes 
have contributed to the collective 
APBI experience. The earliest report 
described the rates of acute wound 
complication in the initial 37 patients 
treated.10 Categories used to describe 
the acute complications were opera-
tive wound complications, infections, 
skin toxicities, seromas, or catheter 
failures. Operative wound complica-
tions occurred in three patients (8%). 
Radiation Therapy Oncology Group 
(RTOG) grades 2 and 3 toxicities oc-
curred in two patients (5.4%) and in 
one patient (2.7%), respectively. Six 
patients (16.2%) developed wound 
infections, and 12 (32.4%) developed 
seromas. Catheter failures occurred in 
two patients (5.4%) and catheter rup-
ture, in three (8%).

Upon evaluation of these data, a 
number of measures were taken to 
reduce complications. Currently, pro-
phylactic antibiotics are initiated on 
the first day of the procedure and are 
given throughout the course of treat-

ment. Patients are also advised not to 
shower to keep the site dry.

Our institutional data evaluating 
the incidence and prognostic factors 
for developing seroma after MBT 
have also been reported. Evaluation of 
109 cases (at a median follow-up of 3 
months) demonstrated development 
of seroma in 41% of patients. One-
third of these seromas were described 
as clinically significant, and infec-
tion was shown to be significant in 
the development. The timing of cath-
eter placement (on the day of resec-
tion vs 1 or more days after resection) 
was the only significant factor (59% 
vs 33%). Prophylactic antibiotics were 
shown to reduce the risk of infection 
from 37.5% to 6%.12

The effect of the dose to the 
chest wall has also been described. 
In 2005, the plans of 93 patients 
were reviewed. Of them, 16 patients 
(17%) were considered to have re-
ceived a high dose to the chest wall 
of greater than or equal to 120% of 
the isodose line in contact with a 
rib. Two patients reported chest wall 
tenderness, and although neither 
developed acute chest wall compli-
cations, re-evaluation demonstrated 
the presence of rib fractures. As data 
continue to mature, the understand-
ing of complications to include 
chest wall toxicity will continue to 
improve.13

Predictors for cosmetic outcome 
have also been evaluated. We re-
viewed 100 patients treated with 
MBT, and all patients had a mini-
mum follow-up of 6 months. Of the 
100 patients, 90 had adequate data 
and follow-up for evaluation. Cos-
mesis (evaluated using the Harvard 
Scale) was determined to be excel-
lent in 62 patients (68.9%), good in 
19 patients (21.1%), fair in 8 patients 
(8.9%), and poor in 1 patient (1.1%). 
Acute skin toxicity was also signifi-
cantly increased with a balloon-to-
skin distance of < 7 mm. Factors that 
did not predict for cosmesis were 
age, balloon placement technique, 

FIGURE 1  MammoSite balloon applicator. A double-
channel balloon catheter system allows for a radioac-
tive source to be placed inside an inflatable balloon 
to provide a reproducible dose distribution to the sur-
rounding tissue. The silicone balloon is connected to 
a shaft approximately 15 cm long. The radioactive 
source is placed inside the center of the balloon via the 
larger central channel.

FIGURE 2  Coronal CT image of typical isodose lines 
achieved with the MammoSite brachytherapy device. 
Red line (340 cGy) represents the 100% dose line, 
1 cm from the surface of the balloon.



    January 2011  ■  COMMUNITY ONCOLOGY  39 Volume 8/Number 1

CASE DESCRIPTION
LS is a 55-year-old postmenopausal woman whose abnormal mammogram 

showed suspicious masses in the upper outer quadrant of the left breast. Real-time so-
nographic imaging of the left breast revealed three hypoechoic lesions, measuring be-
tween 3 and 8 mm, and at least one demonstrated shadowing. She underwent stereo-
tactic biopsy of these lesions, which revealed grade 3 (poorly differentiated), estrogen 
receptor–positive, progesterone receptor–negative, and HER2/neu (human epidermal 
growth factor receptor 2)–negative invasive ductal carcinoma in all three specimens.

STAGING AND TREATMENT
Eventually, she underwent lumpectomy with sentinel lymph node biopsy. The 

greatest linear extent of the tumor measured 0.75 cm, and her sentinel node was 
negative; therefore, her cancer was staged as pT1bpN0pMx. The patient elected to 
undergo MBT, and the catheter was placed at the time of lumpectomy; MammoSite 
high-dose-rate brachytherapy was initiated 9 days later. The patient received 34 Gy 
over 10 fractions, given twice a day over 5 days. Daily CT simulations were performed 
to ensure the integrity of the balloon. The balloon was deflated and the catheter re-
moved following the administration of the final fraction, with no complications. She 
was evaluated by a medical oncologist, and adjuvant anastrozole was recommended.

Case study

balloon volume, catheter days in situ, 
subcutaneous toxicity, and chemo-
therapy or hormonal therapy.14

How effective is MBT?
Since its approval in 2002, evi-

dence for the use of MBT as an al-
ternative to WBRT has continued 
to mount. To date, the largest re-
ported study, the MammoSite Breast 
Brachytherapy Registry Trial, re-
ported a 2-year local recurrence rate 
of 1.04%.15 A series published from 
the William Beaumont Hospital re-
viewed its 5-year experience with 43 
patients.8 From this group, 36 pa-
tients had 5.5-year data, with no re-
currences noted. The outcomes for 
111 women treated with MBT over a 
6-year period at MUSC were recent-
ly published and demonstrated simi-
lar success.9 With a median follow-up 
of 46 months, the estimated 4-year 
outcomes for the entire cohort were 
tumor bed control of 99%, ipsilateral 
breast control of 95%, event-free sur-
vival of 88%, disease-free survival of 
97%, and overall survival of 92%.

Although the effectiveness of 
MBT is believed to be comparable 
to that of WBRT, data are only now 

accumulating to support this notion. 
Recently, it was shown that MBT 
was comparable to WBRT (median 
follow-up of 45 months) in women 
stratified into risk groups based on 
consensus guidelines.16 Although 
outcomes were similar between the 
two groups, future studies with lon-
ger follow-up will be required to 
provide definitive evidence. For ex-
ample, an ongoing phase III coop-
erative group trial (NSABP B-39/
RTOG 0413) is presently focusing 
on the efficacy of MBT relative to 
other forms of APBI and will de-
termine the relative effectiveness 
of MBT, interstitial brachytherapy, 
and 3D-conformal external-beam 
radiotherapy in early-stage breast 
cancer.

Conclusion
Accessible at many radiation on-

cology facilities throughout the 
United States, MBT and other forms 
of APBI represent a proven alterna-
tive to WBRT in the treatment of 
early-stage breast cancer. The patient 
described in the case study demon-
strates an excellent outcome with 
MBT following lumpectomy. The 

device was removed without inci-
dent, and no evidence of cellulitis, 
seroma, or hematoma was evident 
afterward or on follow-up. The pa-
tient was pleased with the cosmetic 
outcome and continues to do well 2 
years out from treatment. This case 
demonstrates the natural history of 
a patient with early-stage breast can-
cer who underwent successful MBT 
therapy following lumpectomy, high-
lighting the multidisciplinary nature 
of effective MBT therapy.
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A dministration of meperi
dine with the monoamine 
oxidase inhibitor (MAOI) 
phenelzine resulted in 

perhaps the most famous case of se-
rotonin syndrome, when Libby Zion 
died shortly after receiving these two 
agents in 1984.1 Meperidine, a short-
acting opioid analgesic, and midazol-
am, a short-acting benzodiazepine, 
are widely used for procedural seda-
tion during a colonoscopy. Although 
each of these drugs is associated with 
well-known toxicities, including cen-
tral nervous system (CNS) depression, 
toxicity from the drug-drug interac-
tion associated with these two agents 
given concomitantly has received little 
attention.

A potentially life-threatening ad-
verse drug reaction from such an in-
teraction is serotonin syndrome, which 
is a state of excess CNS serotonin ac-
tivity. It is associated with drugs that 
affect serotonin neurotransmission. 
Increased production, enhanced sero-
tonin release, blockade of metabolism, 
inhibition of reuptake from the syn-
aptic cleft, or direct receptor agonism 
can be the underlying cause.2 Milder 

In the medical literature, serotonin syndrome is well documented as an adverse event associated with various classes 
of medications. The most famous case of serotonin syndrome occurred when Libby Zion died shortly after receiving 
meperidine in combination with phenelzine, a monoamine oxidase inhibitor. We report on a patient receiving duloxetine, 
a serotonin and norepinephrine reuptake inhibitor, who developed a probable serotonin syndrome following a routine 
colonoscopy screening procedure. For preprocedure anesthesia, the patient received IV meperidine and midazolam.

cases may occur after overdose of a 
single medication, but severe toxicity 
is almost always associated with drug 
combinations.2

To our knowledge, serotonin 
syndrome following a colonoscopy 
procedure has not been previously 
reported. We describe a patient re-
ceiving the serotonin and norepi-
nephrine reuptake inhibitor (SNRI) 
duloxetine (Cymbalta). After receiv-
ing IV meperidine and midazolam as 
preprocedure anesthesia for a routine 
screening colonoscopy, this patient 
developed a probable severe serotonin 
syndrome.

Case report
A 52-year-old Caucasian wom-

an underwent a routine colonoscopy 
screening at an outpatient procedure 
center. Her medical history was sig-
nificant for mild depression that was 
well controlled with the SNRI dulox-
etine, 60 mg/d (which was discontin-
ued 2 days prior to the procedure). 
She also was taking ibandronate 
(Boniva), 150 mg every month, for 
osteoporosis prevention.

At the beginning of the procedure, 

the patient was medicated with IV 
midazolam (1 mg), meperidine (80 
mg), and hyoscyamine sulfate (0.5 
mg), but she was not intubated. The 
colonoscopy was uneventful, with no 
polyps identified and no biopsies per-
formed. She was brought to the fa-
cility’s postanesthesia care unit im-
mediately after the colonoscopy. The 
patient reported experiencing mental 
confusion in the recovery setting and 
had difficulty changing her clothes. 
After leaving the changing area, the 
patient was assisted by her husband to 
the car and traveled home.

The patient did not recall the car 
ride home and slept much of the af-
ternoon following the procedure. She 
woke that evening and reported a se-
vere headache, which improved with 
ibuprofen, 400 mg. Over the course of 
the next 5 days, the patient was pri-



42  COMMUNITY ONCOLOGY  ■  January 2011 www.CommunityOncology.net

marily bed-bound and experienced an 
array of symptoms, including mental 
confusion, nausea, severe headaches, 
dizziness, agitation, shivering, dia-
phoresis, amnesia, and myoclonus. 
Two days after the colonoscopy, her 
physician prescribed promethazine, 
25 mg rectally, to treat the nausea. Al-
though the nausea resolved, the oth-
er symptoms persisted. Six days after 
the colonoscopy, the abnormal clini-
cal findings resolved spontaneously, 
and the patient resumed taking du-
loxetine. She did not experience a re-
currence of her symptoms.

Discussion
The most likely diagnosis for these 

findings is serotonin syndrome. This 
diagnosis is clinical and based upon 
signs, symptoms, and medication his-
tory. In 1991, Sternbach published 
criteria for serotonin syndrome based 
upon a review of 38 cases, including 
the recent addition or increase in dose 
of a serotonergic drug, but excluding 
alternative diagnoses, and three or 
more of the following features: mental 
status changes, agitation, myoclonus, 
hyperreflexia, diaphoresis, shivering, 
tremor, diarrhea, incoordination, and 
fever.3 This patient had received an 
SNRI and exhibited myoclonus, men-
tal status changes, agitation, shivering, 
and fevers during the days following 
the colonoscopy procedure. Concom-
itant use of agents with serotonergic 
activity, such as selective serotonin 
reuptake inhibitors or SNRIs, MAO-
Is, tricyclic antidepressants, 5-HT1 
(5-hydroxytryptamine 1) receptor 
agonists, ergot alkaloids, lithium, St. 

John’s wort, phenylpiperidine opi-
oids (meperidine, in this case), dex-
tromethorphan, and tryptophan can 
potentiate the risks of serotonin syn-
drome. The syndrome is rare but seri-
ous, potentially fatal, and thought to 
result from hyperstimulation of brain-
stem 5-HT1A and 5-HT2A receptors.4

The treating gastroenterologist 
and anesthesiologist may have been 
unaware of the potential for serotonin 
syndrome developing in this patient, 
who had discontinued taking her 
SNRI 2 days prior to the procedure. 
Similarly, most clinicians are unaware 
of the details of serotonin syndrome.5 
Ontology-based, search term expan-
sion technology-driven data mining 
of the US Food and Drug Admin-
istration’s Adverse Event Reporting 
System (AERS) MedWatch database 
identified reports of serotonin syn-
drome associated with duloxetine (n 
= 234), meperidine (n = 11), and mid-
azolam (n = 46).6

In the adverse events section, the 
package insert for duloxetine high-
lights rare instances of serotonin syn-
drome. However, the Web site www.
drugs.com identifies a major drug 
interaction and posts a strong warn-
ing against administering meperi-
dine and duloxetine concomitantly 
because of concerns over possible se-
rotonin syndrome.7 As noted above, 
a longer washout period for dulox-
etine (rather than a 2-day washout 
period, as in this case) and increased 
pharmacovigilance should be con-
sidered when patients undergo rou-
tine screening colonoscopy with me-
peridine and midazolam.
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Measuring subjective phenomena
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Once we get away from counting bodies and using lab tests and enter the realm of phenomena such as quality of life or 
pain, we are trying to measure subjective states. Over the years, techniques have been developed to do this in a reliable, 
valid way. This article introduces readers to what to look for in scales tapping these domains.

T he statistical articles in this series 
have discussed various ways of ana-
lyzing data. For the most part, the 
data have consisted of body counts, 
direct measurements, or laboratory 

test results—how many people are still alive after 
a certain number of years or whether one treat-
ment shrinks tumors more than another one does. 
This is fine as far as it goes, but it doesn’t go far 
enough. Some patients may opt for radiothera-
py for cancer of the larynx rather than undergo 
a laryngectomy, for example, because they place 
more emphasis on quality of life (QOL) rather 
than quantity of life. This raises the issue of how 
to measure QOL or any other subjective state, 
such as pain or depression.

The problem is not the lack of scales to mea-
sure these states; there are dozens, if not hundreds, 
of them for each domain. Rather, the issue for 
the practicing oncologist is how to choose among 
them, to decide which ones are best, and to be able 
to say whether a particular study used an appropri-
ate instrument. So, we are entering the world of 
psychometrics—the design and evaluation of scales 
to measure subjective or unobservable phenomena. 
Just as you had to learn a new vocabulary when you 
entered medicine and read the previous articles in 
this series, it’s necessary to expand your vocabulary 
even more for this new area. The first two terms are 
reliability and validity.

Reliability
Reliability is, formally, a number between 0 and 

1 that tells the extent to which a measure can dis-
criminate among people with a lot or a little of the 
characteristic of interest. A reliability of 1 says that 
all variation in scores is due to real differences be-
tween people; a coefficient of 0 says that all varia-
tion is just measurement error. There are a number 
of terms that are almost synonyms of reliability—

stability, agreement, precision, and so on. Each of 
them captures one aspect of what the term means, 
although none is a perfect replacement term. If a 
patient fills out a QOL scale today, and if we as-
sume that the person’s status hasn’t changed, then 
we would want a second administration of the scale 
given a week or two later to come up with a similar 
result. That is, we want the test-retest reliability of 
the scale to be high.

In some cases, rather than the patient complet-
ing a scale, a physician or a nurse completes it about 
a patient. This is done if the person is unable to fill 
it out himself or herself because of cognitive limi-
tations, such as dementia or early childhood (a se-
vere but, fortunately, time-limited condition). Un-
der these circumstances, we would want the raters, 
operating independently, to come to similar conclu-
sions—what we call inter-rater reliability.

Reliability is mentioned first among the proper-
ties of scale because everything follows from it. If 
the reliability is poor, you might as well stop there 
and throw the scale out; nothing can possibly re-
deem it. The reason is that if there’s no consistency 
from one time to another, or from one rater to an-
other, then we don’t know which, if either, value is 
correct; it’s like trying to measure something with 
a rubber ruler.

So, what’s good and what’s poor reliability? As 
we indicated, reliability is usually assessed with a 
statistic like the Pearson correlation, abbreviated as 
r, as we learned in a previous article,1 and it can 
range between 0.00 and 1.00. (Pearson’s r can actu-
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ally go from –1.00 to 1.00, but a reli-
ability coefficient is always positive.) 
If the scale is being used in research, 
we can live with a value of 0.70 or 
more, but we would really want it to 
be 0.80 or higher. If the scale is used 
clinically, though, and decisions about 
the patient will be based on the re-
sults of the scale, then we’re looking 
for a minimum value of 0.90.2

However, there’s one important 
point to bear in mind. Reliability is 
not a fixed property of a scale; it de-
pends on the scale itself, on the peo-
ple being assessed, and on the cir-
cumstances. So, if an article says the 
scale has “good reliability,” but if this 
estimation was based on college stu-
dents filling out the scale as part of 
a classroom assignment, don’t as-
sume that you’d get the same results 
with patients in a clinic. Look for evi-
dence of reliability with people simi-
lar to the ones you see (or who were 
part of a research study you’re read-
ing) and who completed the scale un-
der similar circumstances. If this evi-
dence isn’t available, be very cautious 
in interpreting the results.

Validity
Just because a scale is reliable 

doesn’t necessarily mean that the 
score tells us anything useful. Phre-
nologists were very reliable record-
ing the bumps on people’s heads, but 
that said nothing about personality 
or intelligence (except, perhaps, of 
the phrenologists themselves). Valid-
ity addresses the issue, “What can we 
correctly say about the person based 
on his or her score on the scale?”

Studies of reliability are fairly 
straightforward—have a group of 
people fill out the scale twice, about 
2 weeks apart, or have two raters in-
dependently evaluate some people 
and then correlate the scores. Validity 
studies, though, come in a wide vari-
ety of flavors and are analyzed with a 
range of statistical tests. We can ask, 
for example, whether this QOL scale 
gives similar results as an older, but 

much longer, scale. In that case, we’d 
give both scales to a bunch of people 
and correlate the scores.

Another possible question is wheth-
er scores on a pain scale decrease af-
ter people receive an analgesic. Now, 
we would give people the scale before 
and after treatment and look for dif-
ferences with a paired t-test.3 We can 
get even fancier and do a randomized 
controlled trial,4 where one group 
gets the active drug and the other a 
placebo, in which case we would an-
alyze the results with an analysis of 
variance.5 

In fact, there are countless ques-
tions we can ask about how the scale 
performs with different groups of pa-
tients, and under different circum-
stances, so we can never say that a 
scale has been completely validated. 
This limitation makes it more difficult 
for people who want to use a scale; 
they must ask themselves whether 
the weight of available evidence is 
convincing enough (whatever that 
means). It’s even more difficult for 
those who are reading an article that 
has used a scale, because there’s rarely 
enough said about validity in the ar-
ticle on which to base a judgment. We 
have to assume that the authors went 
through this exercise themselves, and 
that’s often a tenuous assumption.

The other thing to remember 
echoes what we said about reliabili-
ty—it is not an immutable property of 
the scale but depends on the scale, the 
group, and the circumstances. Scales 
that are valid for outpatients, for ex-
ample, may not work as well with in-
patients. To be useful for you, the vali-
dation studies should have been done 
with patients who resemble yours.

Other considerations
If you’re thinking of using a scale 

in your research or clinical practice, 
you also have to think about issues of 
practicality and feasibility: 
n	 How long does it take a per-
son to fill it out? An inpatient may 
not object to spending an hour filling 

out questionnaires; it may even break 
the boredom of lying in a hospital 
bed. Outpatients, however, may resent 
having to spend another hour in the 
clinic (with the associated outrageous 
parking charges) filling in little boxes.
n	 Is the person able to fill it out? 
If he has lines attached to every limb, 
it may be difficult for him to wield a 
pencil.
n	 Are the language and read-
ing levels appropriate? The av-
erage high school graduate reads at a 
grade 6 level, so long words should be 
avoided. Be sure to check that medi-
cal jargon hasn’t crept into the ques-
tions; to the person in the street (or 
hospital bed), a stool is something 
you sit on, not a euphemism for ex-
crement; shock is what you get when 
you touch a live wire; and hyperten-
sion is part of the continuum of calm    
→ tense → hyper-tense.
n	 How easy is it to score? Is it 
simply a matter of counting the num-
ber of boxes checked off, or must it 
be scored using a computer program? 
There are a number of other things 
you should look for, but brief 6 and 
longer2 guides exist.

Resources
There’s one word we use when peo-

ple ask us how to go about developing 
a new scale: “Don’t!” To do it properly 
takes a minimum of a year and usual-
ly much longer. Also, there are already 
thousands of existing scales. If you 
want to find good scales, check out 
two books: Measuring Health7 and the 
two-volume set Measures for Clinical 
Practice and Research,8,9 which present 
the scales and evaluate how good they 
are with different groups.
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Technology

Learning online: keeping pace with the 
flood of oncology information
John J. Fried

I n the mid-1980s, an oncologist 
friend of mine asked wheth-
er my 14-year-old son would 
consider a part-time job: go-

ing through the piles of medical jour-
nals littering his home office; finding 
in each one the articles my friend had 
dog-eared; and then clipping, stapling, 
and filing them in a beat-up metal cab-
inet pushed into a corner of the room.

Well, here we are some 25 years 
later, and the effort to keep up with 
information about the advances and 
challenges in oncology is still a head-
ache, now super-sized. Scientific jour-
nals aren’t the only medium carrying 
reports that could make a difference 
in how your practice and your pa-
tients fare. Now there are countless 
podcasts, videos, and real-time Web-
based broadcasts of oncology confer-
ences, panel discussions, and lectures.

Chances are you can’t hire some 
kid down the block to scour the Web 
and do the modern-day equivalent of 
clipping and filing. So here is, perhaps, 
the next best thing: a guide to several 
Web sites where you may find worth-
while educational presentations.

You’ll have to judge whether the 
updates on these sites are worth your 
time. But from a production point of 
view, the videos and podcasts—if not 
IMAX-like—are generally of good 
quality.

OncologyTube
www.oncologytube.com

Thanks to YouTube, we have be-
come a nation of online video watch-
ers, producers, and commentators. 
Therefore, it’s hardly a surprise that 
YouTube has spawned imitators, in-
cluding OncologyTube.

As of December 2010, Oncology-
Tube is still in its beta, or final testing, 
stage. Still, in offerings as well as per-
formance, it seemed to be quite ready 
for prime time.

When you land on Oncology-
Tube’s home page, you can immedi-
ately dive into its videos: several that 
the producers of the site feel should 
get top billing at the moment, and al-
most two dozen that other visitors are 
watching at the moment. On the day 
I visited the site, those videos includ-
ed offerings on sentinel lymph node 
biopsy, an explanation of better ways 
to compound hazardous IVs, and in-
sight into the work of an oncology 
nurse navigator.

In addition, on the site’s home 
page you can make use of 15 hyper-
links to navigate to pages that carry 
their own links to yet more videos 
about specific cancers, ranging from 
breast cancer to melanoma to pedi-
atric cancer. Thumbnails, which act as 
links to individual videos, also tell you 
how long each video is, the number 
of people who have viewed the video, 
and a brief description of the source 
of the video, which can help you as-
sess its potential value to you.

If you believe in serendipity, click 
on the site’s Videos tab to go direct-
ly to a page where you can browse 
through links to all of the videos on 
OncologyTube. Or, use the Channels 
tab to go to a page where videos are 
listed according to the organization 
or group that created them. Believe in 
the wisdom of the crowd? Then, by all 
means, look for videos under the links 
leading to Most Discussed, Most Re-
sponded, Most Viewed, Top Favor-
ites, and Top Rated.

Find an especially interesting vid-
eo? You can share it by e-mailing it 
to a colleague. You can also bookmark 
videos so that you can revisit them in 
the future without digging around for 
them.

If you are registered with the site, 
you may upload videos yourself, giving 
the world your take on a cancer topic. 
The video cannot exceed 60 minutes 
or 300 megabytes. And, in the best 
tradition of social networks, you can 
even set up a “friends” page for your-
self where you can store videos cre-
ated or recommended by friends.

Research To Practice
www.researchtopractice.com

The brainchild of Neil Love, MD, 
a Miami, Florida medical oncologist, 
Research To Practice has a wide array 
of oncology-related CDs, podcasts, 
articles, slides, and other e-learning 
offerings for doctors, nurses, and oth-
er healthcare specialists.

Research To Practice could serve as 
an example of what a considerate Web 
site should be: no eye-burning graphics, 
flashing banners, or margins crammed 
with small-print information. Instead, 
its home page gets right to the point. 
There are just five large windows: one 
for announcements, one containing an 
explanation of who is behind the Web 
site, a third dedicated to a list of up-
coming events. A fourth window al-
lows you to browse through the site’s 
content according to tumor type, and 
the fifth frame offers access to a search 
engine that allows you to specify pa-
rameters to narrow your search effi-
ciently by tumor type, treatment set-
ting or stage, and other things.

By and large, those searches lead 
© 2011 Elsevier Inc. All rights reserved.  Commun Oncol 2011;8:46–47



January 2011  ■  COMMUNITY ONCOLOGY  47 Volume 8/Number 1

to extensive podcasts about the top-
ic you have chosen. If you don’t have 
time to listen at the moment, you can 
download the audio track or tracks 
and listen to them when you are out 
jogging or driving home.

Research To Practice also steps 
back into old world communications 
by mailing selected educational mate-
rials to oncologists.

The site’s materials are available 
through iTunes. It also offers CME 
and CNE credit for activities on its site.

Imedex E-Learning Center
http://elc.imedex.com/elc/

Imedex, too, opens with a sim-
ple home page, divided into several 
frames, or windows.

One window provides a link to a 
featured activity. On the day I looked 
at the site, for example, the feature was 
a Webcast on optimizing bisphos-
phonates for patients with multiple 
myeloma. A second window offered 
links to other recent additions to the 
site. A third window presented links 
to individual pages focusing on on-
cology, hematology, gastroenterology, 
infectious disease, and dermatology.

Once you land on an inside page, 
you can scroll through its contents 
to find Webcasts of meetings or lec-
tures, case presentations, podcasts, 
and monographs that include video 
as well as text.

If scrolling and surfing around 

don’t appeal to you as an efficient way 
to find topics of interest, you can al-
ways resort to the site’s search box. 
On the inside pages you can make 
use of an index offering links to con-
tent according to specialty (dermatol-
ogy, gastroenterology, etc); media type 
(audio, video, multimedia); or product 
type (monograph, podcast, etc).

Imedex materials are also offered 
via iTunes. The site’s offerings quali-
fy for continuing medical education 
credits.

Other sites to consider
If, after dipping into Oncology-

Tube, Research To Practice, and Ime-
dex, you are still hungry for more, take 
a look at:

Cleveland Clinic Center for 
Continuing Education
www.clevelandclinicmeded.com/ 
online/webcast

The Cleveland Clinic’s Web site 
covers much of the medical world, 
but you can get to oncology-related 
content by clicking the Specialty link 
“Hematology/Oncology.”

PrIME Oncology
www.primeoncology.org

A well-organized site, it includes 
a wide range of multimedia presen-
tations, including Webcasts, audio-
casts, and downloadable slides from 
meetings.

The Doctor’s Channel
www.thedoctorschannel.com

The Doctor’s Channel is also an 
all-medical-things site, including sec-
tions for hematology/oncology and 
oncology. Its videos are largely one- 
or two-minute affairs, accompanied 
by news articles. It seems to be a well-
attended site: One video, Imiquimod 
for Anal Pre-Cancer, for example, 
had 27,463 views as of early Decem-
ber. Unfortunately, the site is plagued 
by annoying up-front ads you have to 
exit before you get to the content that 
interests you.

Cancer.Net
www.cancer.net

Cancer.Net, brought to you by the 
American Society of Clinical Oncol-
ogy, carries a massive amount of infor-
mation, though it may take some pa-
tience to get at specific contents from 
the site’s home page: It is a nightmare 
of graphics, text, and thumbnail links.

OncologySTAT
www.oncologystat.com

We’d be remiss if we didn’t men-
tion Elsevier’s own oncology-related 
Web site. Top features include the 
Editor’s Choice oncology story of the 
week, news, articles that offer CME 
credits, journal scans of the top can-
cer-related articles, oncology-specific 
review articles, and editorials from 
key opinion leaders.
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Washington Update

Chemotherapy drug shortages  
present challenges for oncologists  
and their patients
Alicia Ault

A n ongoing shortage of 
some crucial chemother-
apy drugs is forcing on-
cologists to scramble for 

supplies or to find therapeutically 
equivalent alternatives, if there are any. 
In some cases, oncologists are creating 
a triage system whereby the patient 
who is most likely to be cured will re-
ceive the therapy that’s in short supply.

George Kovach, MD, medical di-
rector at Iowa Cancer Specialists, PC, 
in Davenport, said his practice has 
been struggling to get leucovorin. The 
drug has been in short supply since 
this past April, when the maker, Teva 
Pharmaceuticals, began a manufac-
turing hold at its Irvine, California, 
plant to update systems and processes.

Financially managing the short-
age has also been an issue, Dr. Kovach 
said. The alternative, levoleucovorin 
(Fusilev), costs about 10 times more 
than does leucovorin. And Medi-
care reimburses only $750 of the 
$1,200 cost for levoleucovorin, he 
said. For many patients, the practice 
has been absorbing the loss. Others 
were sent to a hospital outpatient de-
partment for treatment, said Dr. Ko-
vach, a member of the Association 
of Community Cancer Care Centers 
(ACCC) board of trustees.

Michael Neuss, MD, the immedi-
ate past chair of the American Society 
of Clinical Oncology (ASCO) clini-
cal practice committee and a physi-
cian in private practice with Oncol-
ogy Hematology Care in Cincinnati, 
said patients at his practice are pri-
oritized to receive leucovorin based 
on whether administration would be 

curative. His practice has managed to 
procure adequate supplies of levoleu-
covorin, but oncologists “really don’t 
know” whether it is equivalent to leu-
covorin, he said.

In addition to the shortages of 
leucovorin and levoleucovorin in 50-
mg, single-use vials, at press time the 
US Food and Drug Administration 
(FDA) and the American Society of 
Health-System Pharmacists (ASHP) 
were reporting shortages of other 
drugs, including cisplatin, doxorubi-
cin (lyophilized powder and solution 
for injection), etoposide, some sizes of 
vincristine, and cytarabine injection 
(powder for reconstitution).

Capt. Valerie Jensen, associate 
director of the agency’s Center for 
Drug Evaluation and Research Drug 
Shortage Program, said that many of 
these shortages involve older, sterile 
injectable drugs. Fewer companies are 
interested in making the low-profit 
injectables, she said in an e-mail, and 
some have also had issues with ac-
cessing raw materials or meeting the 
FDA’s quality guidelines.

Oncologists’ concerns about dos-
ages, efficacy, and safety pertain to 
other alternatives as well. In the case 
of the oral alternative for IV etopo-
side, for example, myelosuppression 
can be more erratic with the oral 
form, according to Lawrence Ein-
horn, MD, past president of ASCO 
and a distinguished professor and 
Lance Armstrong Foundation Chair 
in Oncology at Indiana University, 
Indianapolis, asserted in an interview 
on the ASCO Web site.

Dr. Neuss said that his practice 

had been doubling the dose of the 
oral version as a substitute, but “is that 
the exact conversion? I’m not sure.”

Doxorubicin is another therapy 
that has been difficult to get. Steven 
L. D’Amato, RPh, a clinical phar-
macy specialist at the Maine Center 
for Cancer Medicine in Scarborough, 
said the shortage has affected investi-
gational protocols and the center’s an-
thracycline-containing regimens.

In Dr. Neuss’s practice, which has 
also had difficulty finding an ade-
quate supply of doxorubicin, the drug 
is held back “for patients who are get-
ting curative therapy.”

Pediatric oncology has been hit 
particularly hard by the shortages. In 
an interview on ASCO’s Web site, 
Michael Link, MD, a pediatric oncol-
ogist and ASCO president-elect, said 
there are few acceptable alternatives 
for many of the therapies used in chil-
dren. “[Most] are treated on clinical 
trial protocols…so we have a very large 
evidence base for many of the com-
mon drugs but are lacking evidence for 
substitutions, particularly in complex 
multidrug regimens,” Dr. Link said.

In early November, ASCO, ASHP, 
the American Society of Anesthe-
siologists, and the Institute for Safe 
Medication Practices convened a 
summit to discuss the shortages and 
possible solutions. The FDA and drug 
company representatives also attend-
ed. The ASHP said that work groups 
are developing action plans to execute 
the summit’s recommendations.

Dr. Neuss, Dr. Kovach, Mr. 
D’Amato, and Dr. Link reported no 
conflicts of interest.
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