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EDITORIAL STAFFFrom the Editor

In the January 2015 issue, we cover new territory with topics not presented in previous issues. Cervical 

cancer remains a significant cause of cancer worldwide, even with highly successful screening. While it is 

hoped that wider screening, which has now been adapted to detect oncogenic papilloma viruses, along 

with papilloma virus vaccination, will reduce the incidence of this disease, our only effective treatments 

for early-stage disease are surgical or ablative. For many years, concurrent radiation and platinum chemo-

therapy remained the only effective therapy for higher-stage and nonmetastatic disease. 

While advanced recurrent cervical cancer remains incurable, a review on this topic by Drs Steven Yu 

and Agustin Garcia highlight newer therapies that include bevacizumab added to chemotherapy, which 

received FDA approval last year. Immunotherapy is showing early promise, possibly due to the immuno-

genicity of a virally driven cancer, and larger scale trials are now under way.

Another feature review covers the difficult-to-manage syndrome of chemotherapy-induced peripheral 

neuropathy (CIPN), which is poorly understood physiologically and is clinically manifested in variable 

fashion in terms of onset and chronicity. Drs Trivedi, Hershman, and Crew provide a very helpful over-

view on the physiology and clinical spectrum of CIPN, with strategies on surveillance and grading—an 

approach that should become standard practice. The difficulty in managing CIPN is highlighted, with a 

review of approaches with demonstrated benefit, but an acknowledgment that responses are variable and 

far from adequate, highlighting the need for more research and awareness of this common treatment 

side effect. 

A review on EGFR-targeting therapy for lung cancer from Drs Ogunleye, Ibrahim, Stender, 

Kalemkerian, and Jaiyesimi highlights how far we have come in genomic medicine in both understand-

ing the molecular biology of cancer as well as harnessing drug development capabilities to develop small 

molecules targeting genomic lesions. Lung cancer rapidly transformed from a disease uniformly treated 

with upfront chemotherapy to one now approached with careful molecular characterization and custom-

ized therapy. The nature of drug-sensitizing and resistance-associated EGFR mutations is described along 

with the rationale for specific therapies and optimal sequences—all of which are still evolving in this 

rapidly changing field. 

The much more established area of adjuvant therapy for HER2+ breast cancer is covered with a focus 

on the controversial topic of small node-negative (T1a/bN0) tumors, where the minor benefits must be 

traded off against side effects and cost. The lack of randomized trials, which would not be feasible to 

perform because of the large sizes needed, has led to the testing of a less-toxic trastuzumab-containing 

regimen using a single-arm trial that constitutes one of several options for this not-so-uncommon scenar-

io, as described in a review authored by Dr Yap and myself.

The CME article in this issue uses a roundtable discussion format to navigate the intricacies of immu-

notherapy and signal transduction-targeting treatment for advanced melanoma. The nuances of real-life 

oncology practice that include choosing the best sequence for patients with BRAF-mutated melanoma, 

or how to manage brain metastases, are effectively covered. This format is ideal for airing expert opin-

ions on how to assess and manage toxicities with dual BRAF and MEK inhibitor therapy, an area that 

requires experience and skill—a high priority for a CME activity.

Finally, it is a pleasure to introduce our newly appointed AJHO Associate Editor, Myron Czuczman, 

MD, from the Roswell Park Cancer Institute, who provides a review of key lymphoma abstracts from the 

2104 American Society of Hematology (ASH) annual meeting. 

Debu Tripathy, MD 
Editor-in-Chief

The content of  this publication is for general information purposes only. The reader is encouraged to confirm the information presented with other sources. American Journal of Hematology/
Oncology makes no representations or warranties of any kind about the completeness, accuracy, timeliness, reliability, or suitability of any of the information, including content or advertise-
ments, contained in this publication and expressly disclaims liability for any errors and omissions that may be presented in this publication. American Journal of Hematology/Oncology re-
serves the right to alter or correct any error or omission in the information it provides in this publication, without any obligations. American Journal of Hematology/Oncology further disclaims 
any and all liability for any direct, indirect, consequential, special, exemplary, or other damages arising from the use or misuse of any material or information presented in this publication. 
The views expressed in this publication are those of the authors and do not necessarily reflect the opinion or policy of American Journal of Hematology/Oncology.
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Management of Chemotherapy-Induced 
Peripheral Neuropathy

 
 

Meghna S. Trivedi, MD, Dawn L. Hershman, MD, MS, Katherine D. Crew, MD, MS

Introduction
Chemotherapy-induced peripheral neuropathy (CIPN) is a com-
mon adverse effect of many anticancer drugs, such as platinum 
analogs, antitubulins (eg, taxanes and vinca alkaloids), bortezo-
mib, and thalidomide.1 It can present as sensory symptoms in 
the hands and/or feet, typically in a “stocking-glove” pattern; 
pain, numbness, or tingling; or motor symptoms, manifested as 
weakness, cranial nerve deficits, or autonomic neuropathy.2 In a 
recent meta-analysis of 31 CIPN studies involving 4179 patients, 
the aggregate prevalence of CIPN was 48%.3 Within the first 
month of completing chemotherapy, the prevalence of CIPN 

was 68.1%; after 6 or more months of completing chemothera-
py, the prevalence of CIPN decreased to 30.0%.3 The course of 
CIPN can be unpredictable, and although some symptoms may 
improve with time, others may persist or worsen as a result of 
permanent nerve damage.1 There are limited data on the natural 
history of CIPN in long-term cancer survivors, who are beyond 
1 year of completing chemotherapy. Patients with breast cancer, 
who received taxane-based adjuvant chemotherapy, had neurop-
athy symptoms up to 2 years after completing treatment,4 and 
patients with colon cancer receiving oxaliplatin-based adjuvant 
chemotherapy had numbness or tingling of hands and feet up to 
6 years from starting treatment.5  

One of the challenges in managing and preventing CIPN is 
that the exact pathophysiology is not well understood. The hy-
pothesized mechanisms of taxane-induced neuropathy include 
the disruption of the axonal microtubule structure and a deficit 
in axonal energy supply from the toxic effect of chemotherapy on 
mitochondria in primary afferent neurons.2,6 CIPN due to vinca 
alkaloid therapy is thought to be due to alterations in the neu-
ronal cytoskeleton that cause axonal degeneration.2,6 Platinum 
agents are thought to cause CIPN by exerting damage in the dor-
sal root ganglion through mitochondrial dysfunction and neuro-
nal apoptosis, either by DNA crosslinking or oxidative stress.2,6

Despite investigations leading to hypotheses of several mecha-
nisms of CIPN, none has resulted in clinically relevant therapeu-
tic interventions.7 Several studies have attempted to identify risk 
factors for CIPN development, which also vary with different 
chemotherapeutic agents. Some of the clinical factors implicated 
in the development of CIPN include baseline neuropathy,8,9 the 
presence of diabetes,9 smoking history,10 and decreased creatinine 
clearance.10 In addition, there is interest in pharmacogenomics 
and identifying genes that may play a role in the development of 
CIPN. Although numerous genes have been investigated, such 
as GSTP1, CYP2C8, and AGXT, there have been no conclusive 
findings.11

One of the clinical implications of CIPN is that the symptoms 
can result in treatment dose reduction or discontinuation, which 
may ultimately affect overall survival.2 In a retrospective single-in-
stitution study of 123 patients with breast cancer receiving tax-
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ane-based adjuvant or neoadjuvant chemotherapy regimens, 17% 
received chemotherapy dose reductions specifically due to CIPN 
that developed during treatment.12 In addition, for cancer survi-
vors, CIPN symptoms can significantly impact quality of life.1,7,13

This review article will discuss the methods used to assess 
CIPN and review the trials investigating its management. The 
American Society of Clinical Oncology (ASCO) recently pub-
lished a systematic review of 48 randomized controlled trials pro-
viding guidelines on prevention of and treatment approaches to 
CIPN,14 which will be summarized here. 

Assessment of CIPN
There are several methods available to assess CIPN; however, 
there is no consensus on the best method. There are objective 
assessments, such as clinical or neurophysiological examina-
tions, and subjective assessments, such as the National Cancer 
Institute-Common Terminology Criteria for Adverse Events 
(NCI-CTCAE) grading scale and patient-reported outcome 
measures. Other causes of neuropathy (ie, diabetic neuropathy) 
should also be entertained in a patient with symptoms.

The objective assessments can be either invasive or noninva-
sive. Noninvasive methods to assess CIPN include neurological 
assessment on physical examination to identify sensory and mo-
tor deficits and vibration sensation measurement.1 Nerve con-
duction studies are an invasive method and will typically reveal a 
reduction in the amplitude of the sensory nerve action potentials 
(SNAPs).2 However, this procedure can cause discomfort to the 
patient without providing additional clinical information.1 In ad-
dition, nerve conduction studies detect abnormalities in large-di-
ameter nerve fibers, not the small-size fibers that are involved in 
painful CIPN.1 

NCI-CTCAE Version 4.03 is a subjective method to evaluate 
CIPN: it is performed by a healthcare professional, who grades 
adverse events that include peripheral sensory or motor neurop-
athy, dysesthesia, paresthesia, and neuralgia on a scale of 1 to 5, 
depending on the severity.15 The advantage of the NCI-CTCAE 
is that the assessment is quick and easy for providers to perform.16 
However, it is limited by the subjectivity of interpretation; lack 
of detail about location, type, and severity of impairment; and a 
narrow scoring range.1  

There are several patient-reported outcome measures that 
can be used to assess CIPN, and there is evidence that these 
measures are more accurate and sensitive at reporting patients’ 
symptoms compared with such physician-reported measures as 
the NCI-CTCAE.4,17 Postma et al18 developed a CIPN subscale as 
part of the European Organization for Research and Treatment 
of Cancer (EORTC) Quality of Life Questionnaire 30 (QLQ-30), 
the QLQ-CIPN20 module. The instrument contains 20 ques-
tions evaluating sensory, motor, and autonomic symptoms, and 
has been validated as an assessment tool for CIPN.19 Another 
patient survey used to assess CIPN is the Functional Assessment 

of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity 
(FACT/GOG-Ntx) questionnaire.20 This validated and reliable 
tool uses 11 questions to evaluate the severity of neuropathy and 
its impact on patient quality of life. 

Composite scales that combine invasive and noninvasive ob-
jective measures, as well as subjective measures, are also available, 
with the most frequently used scale being the Total Neuropathy 
Score (TNS).1,21 The TNS includes subjective provider-scored 
sensory, motor, and autonomic symptom measures; noninva-
sive objective measures of pin sensibility, vibration sensibility, 
strength, tendon reflexes, and quantitative sensory testing; and 
invasive objective measures of sural and peroneal nerve conduc-
tion studies.21 In a single-institution study of 60 women with 
CIPN secondary to cisplatin and paclitaxel, the TNS results cor-
related well with those obtained from the NCI-CTCAE scales.21 
The disadvantages of the TNS are that it is time-consuming to 
administer, requiring approximately 1 hour, and requires special-
ized instrumentation.16,21 There is a version of the TNS that does 
not use quantitative sensory testing, known as the TNS-reduced 
(TNSr) scale, and a version that uses only the clinical evaluation 
of symptoms and signs, known as TNS-clinical (TNSc) scale.16 A 
study by Cavaletti et al22 demonstrated that the TNS and TNSc 
are more sensitive than the NCI-CTCAE and provide more ac-
curate grading of CIPN. The challenge is how to incorporate 
these CIPN measures into clinical practice and standardize this 
approach across multiple centers.

 
Prevention of CIPN
The recently published ASCO guidelines on the prevention of 
CIPN, based on a systematic review of 42 randomized controlled 
trials investigating 18 agents, found that there are no agents that 
have shown consistent, clinically meaningful benefits for CIPN 
prevention.14 Investigations of intravenous calcium/magnesium 
for oxaliplatin-induced neuropathy23 and oral vitamin E24 have 
shown no benefit in prevention of CIPN. Two agents have ac-
tually been shown to worsen CIPN compared with placebo: 
acetyl-L-carnitine (ALC) and nimodipine.25,26 ALC is a natural 
compound that has been shown to improve sensory neuropa-
thy and reduce the severity of neuropathy development in a rat 
model.27 In a single-arm study by Bianchi et al28 of 25 patients 
with established CIPN due to paclitaxel or cisplatin, there was 
improvement in sensory and motor neuropathy with 3-times-dai-

Practical Application

•	 CIPN is a common adverse effect of several chemotherapy agents 
that can affect patient quality of life and adherence to cancer treat-
ment.

•	 Although there are many methods to assess and grade CIPN, a 
standardized method has not been established.

•	 Duloxetine is the only intervention with efficacy for the treatment of 
CIPN demonstrated from a randomized, double-blind, placebo-con-
trolled trial.
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ly dosing of 1 g of ALC for 8 weeks with little toxicity. However, 
when studied in a large randomized, double-blind, placebo-con-
trolled trial of 409 patients with breast cancer initiating adjuvant 
taxane-based chemotherapy, ALC was found to significantly in-
crease CIPN.25 Also, nimodipine was found to have a neuropro-

tective effect against cisplatin in a rat model,29 and when studied 
in a small randomized, placebo-controlled trial of 51 patients, it 
exacerbated neurotoxicity in patients receiving cisplatin for treat-
ment of ovarian cancer.26

Glutathione is a natural compound composed of the 3 amino 

Table.  Phase 3 Randomized, Placebo-Controlled CIPN Treatment Trials

Drug Class
Pharmacologic 
Agent and Dosage

Authors 
and Year of 
Publication

Number of 
Patients and 
Study Design

Drug 
Causing 
CIPN

Primary Study
Outcome Measure 
and Results

Overall 
Results

Adverse 
Effects of
Intervention

Antidepressant

Amitriptyline 10 mg 
daily with dose esca-
lation of 10 mg/week 
up to target maximum 
dosage of 50 mg daily 
for 8 weeks

Kautio et al, 
200839

Total: 33
Placebo: 16
Amitriptyline: 
17

Double-blind 
study

Vinca 
alkaloids, 
platinum 
agents, or 
taxanes

• Global improvement 
as assessed by numeric 
scales (scale, 0-10) in 
diary data: no signifi-
cant difference in mean 
score between groups 
(3.4±3.6 vs 1.9±3.1 in 
placebo arm; P = NS).
• Global improvement 
at final visit assessed 
by verbal rating scale 
(scale, complete 
relief-symptoms worse): 
no significant difference 
between groups (47% 
vs 31% in placebo arm; 
P = NS).

Negative Tiredness
Tachycardia

Nortriptyline (N) 25 
mg daily with dose 
escalation of 25 mg/
week up to target 
maximum dosage of 
100 mg during treat-
ment period

Hammack 
et al, 200238

Total: 51
Group A (N/
PL): 26
Group B 
(PL/N): 25

Double-blind 
crossover 
study after 4 
weeks

Cisplatin • Paresthesia as as-
sessed by visual analog 
scale: in first treatment 
period, no significant 
reduction in paresthe-
sia (49 vs 55 [scale, 
0-100] in placebo arm; 
P = .78).

Negative Dry mouth
Dizziness
Constipation

Venlafaxine 50 mg 1 
h prior to oxaliplatin 
infusion and 37.5 
mg extended-release 
twice daily on days 2 
through 11

Durand et 
al, 201240

Total: 48
Placebo: 24
Venlafaxine: 
24

Double-blind 
study

Oxaliplatin • Full relief of acute 
neurotoxicity: 31.3% vs 
5.3% in placebo arm 
(P = .03).

Positive Grade 1-2: 
nausea and 
vomiting,
asthenia,
somnolence

Duloxetine (D) 30 
mg daily for 1 week, 
then 60 mg daily for 
4 weeks during treat-
ment period

Smith et al, 
201346

Total: 220
Group A (D/
PL): 109
Group B 
(PL/D): 111

Double-blind 
crossover 
study after 5 
weeks

Paclitaxel, 
docetaxel, 
nanopar-
ticle albu-
min-bound 
paclitaxel, 
cisplatin, 
oxaliplatin

• Reduction in average 
pain as measured 
by BPI-SF: in initial 
treatment period, larger 
mean reduction in BPI-
SF pain score in duloxe-
tine group than placebo 
group (1.06 vs 0.34 
[scale, 0-10]; P = .003) 
with moderately large 
effect size (0.513).

Positive Fatigue (7%)
Insomnia (5%)
Nausea (5%)
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acids glutamic acid, cysteine, and glycine that has been exten-
sively studied for CIPN prevention—but with mixed results.30 In 
mouse studies, when glutathione was given with cisplatin, the 
platinum concentration in the dorsal root ganglia was lower and 
sensory nerve conduction velocity decreased less compared with 
mice that received only cisplatin.31 And there have been several 
small placebo-controlled trials which have shown that intrave-
nous administration of glutathione with platinum-based chemo-
therapy regimens can decrease the incidence of neurotoxicity 
without diminishing the effect of chemotherapy.32-35 Leal et al30 
studied the use of glutathione with carboplatin and paclitaxel 
and found no improvement in neurotoxicity symptoms, suggest-
ing that glutathione may not help in taxane-induced CIPN.

Treatment of CIPN
Eight agents have been studied in randomized controlled trials 
for the treatment of CIPN, but there has been limited success. 
The characteristics and results of these studies are summarized in 
the Table. Clinical trials of the antiepileptic agents gabapentin36 
and lamotrigine37 and the antidepressants nortriptyline38 and 
amitriptyline39 have all been negative.  

In the EFFOX study,40 Durand et al investigated the EFFicacy 
of venlafaxine for prevention and relief of OXaliplatin-induced 
acute neurotoxicity. In this small placebo-controlled trial of 48 
patients, venlafaxine was shown to provide relief of recurrent 
acute neurotoxicity and decrease the incidence of cumulative 
permanent neurosensory toxicity following completion of oxal-
iplatin treatment. The mechanism of efficacy for venlafaxine was 

Table.  Phase 3 Randomized, Placebo-Controlled CIPN Treatment Trials (continued)

BPI-SF indicates Brief Pain Index-Short Form; CIPN, chemotherapy-induced peripheral neuropathy; EORTC, European Organisation for 
Research and Treatment of Cancer; ENS, ECOG Neuropathy Scale; NRS, Numerical Rating Scale.

Drug Class
Pharmacologic Agent 
and Dosage

Authors 
and Year of 
Publication

Number of 
Patients and 
Study Design

Drug 
Causing 
CIPN

Primary Study
Outcome Measure 
and Results

Overall 
Results

Adverse 
Effects of
Intervention

Antiepileptic

Gabapentin (G) 300 mg 
with dose escalation 
of 300 mg to a target 
maximum dosage of 
2700 mg daily for 6 
weeks during treat-
ment period

Rao et al, 
200736

Total: 115
Group A (G/
PL): 57
Group B (PL/G): 
58

Double-blind 
crossover study 
after 6 weeks

Vinca 
alkaloids, 
taxanes, or 
platinum 
agents

• “Average” pain by 
NRS and ENS: no 
difference in NRS or 
ENS score at baseline, 
6 weeks, or 14 weeks 
between groups.

Negative No significant 
differences 
in toxicities 
between 
groups

Lamotrigine 25 mg at 
bedtime for 2 weeks, 
then 25 mg twice daily 
for 2 weeks, then 50 
mg twice daily for 2 
weeks, then 100 mg 
twice daily for 2 weeks, 
then 150 mg twice 
daily for 2 weeks

Rao et al, 
200837

Total: 125
Placebo: 62
Lamotrigine: 63

Double-blind 
study

Vinca 
alkaloids, 
taxanes, or 
platinum 
agents

• “Average” pain by 
NRS and ENS: no dif-
ference in NRS or ENS 
score at baseline or 10 
weeks between groups.

Negative No significant 
differences 
in toxicities 
between 
groups

Topical

Baclofen, amitriptyline, 
and ketamine gel, 
1.31 g of compound-
ed gel containing 10 
mg baclofen, 40 mg 
amitriptyline HCL, and 
20 mg ketamine twice 
daily for 4 weeks

Barton et al, 
201141

Total: 203
Placebo: 102
BAK gel: 101

Double-blind 
study

Vinca 
alkaloids, 
platinum 
agents, 
taxanes, or 
thalido-
mide

• EORTC CIPN sensory 
subscale mean neu-
ropathy change from 
baseline to 4 weeks: 
8.1 vs 3.8 in placebo 
arm (P = .053).

Negative No significant 
differences 
in toxicities 
between 
groups

Amitriptyline and ket-
amine (AK) cream 4 g 
twice daily for 6 weeks

Gewandter 
et al, 201442

Total: 458
Placebo: 231
AK: 227

Taxanes or 
nontax-
anes

• Mean pain, numb-
ness, and tingling 
score at week 6: no 
significant reduction in 
mean score (P = .363)

Negative No significant 
differences 
in toxicities 
between 
groups
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thought to be through a protective effect against oxaliplatin-in-
duced oxidative stress.40

A topical mixture of baclofen, amitriptyline, and ketamine 
(BAK) was developed by Barton et al41 to treat CIPN in a group 
of patients who had numbness, tingling, or pain associated with 
peripheral neuropathy while receiving or after having received 
neurotoxic chemotherapy. The investigators hypothesized that 
since there may be several complex pathways resulting in CIPN, 
a combination of drugs with unique but complementary mech-
anisms of action may be beneficial in treatment. The patients 
applied the topical treatment twice daily for 4 weeks. Compared 
with placebo, the topical treatment resulted in an improvement 
in motor neuropathy and a trend toward improvement in senso-
ry neuropathy; however, the overall effect was modest.41 Gewand-
ter42 studied the use of topical amitriptyline and ketamine twice 
daily for 6 weeks and found no significant reduction in the pain, 
numbness, or tingling score at the end of topical treatment. 

Duloxetine is a neuronal serotonin and norepinephrine 
reuptake inhibitor that has been shown to be effective in the 
treatment of diabetic neuropathy.43-45 A phase 3, randomized, 
double-blind, placebo-controlled crossover trial evaluated the 
use of duloxetine in the treatment of painful CIPN.46 Forty per-
cent of patients in this study received paclitaxel, and 59% of 
patients received oxaliplatin as the neurotoxic agent. The study 
used the Brief Pain Inventory-Short Form (BPI-SF) as the pri-
mary outcome measure in patients with established CIPN, and 
found that duloxetine use resulted in a greater mean reduction 
in pain (scale, 0-10) of 1.06 compared with 0.34 in the placebo 
arm (effect size, 0.513; P = .003).46 Based on the results of this 
study, the ASCO clinical practice guidelines give a moderate rec-
ommendation for the use of duloxetine in patients with cancer 
experiencing CIPN.22

Future Directions in Treatment of CIPN
Clinical trials investigating complementary and alternative 
medicine in the treatment of CIPN, such as acupuncture 
(NCT02129686) and massage therapy (NCT02221700), are un-
der way. A few small trials have investigated the use of Scrambler 
therapy, a device that provides noninvasive cutaneous electro-
stimulation, to treat CIPN and found efficacy with no toxici-
ty.47-49 A randomized, double-blind trial to evaluate Scrambler 
therapy is under way (NCT02111174) now. The use of topical 
menthol for CIPN is also being investigated in a placebo-con-
trolled, randomized trial (NCT01855607) after the encouraging 
results of a phase 1 study showing improvement in CIPN pain and 
function with a 6-week course of twice-daily application of 1% 
topical menthol to affected areas.50 

Conclusions
CIPN is a frequent complication of cancer treatment that can 
not only affect a patient’s response to treatment, due to the need 

for dose reduction or discontinuation, but also quality of life. 
Although treatment and prevention options for CIPN are lim-
ited at present, the use of duloxetine for painful CIPN can be 
recommended based on the results of a positive phase 3 trial. It 
is also reasonable to try tricyclic antidepressants, gabapentin, or 
topical BAK after discussing the limited evidence, risks, and ben-
efits with the patient. However, patients undergoing treatment 
with causative agents should undergo assessment by their treat-
ing physician for CIPN symptoms, using NCI-CTCAE criteria 
and clinical examination, and perhaps validated patient-report-
ed outcome measures. Understanding the pathophysiology of 
CIPN and the ability to accurately and consistently assess CIPN 
are 2 major challenges in the treatment of CIPN. There is great 
interest in not only the investigation of interventions to treat 
CIPN, but also in investigations to better understand and char-
acterize this treatment-related adverse effect.
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Introduction
Human epidermal growth factor receptor 2 overexpression 
(HER2+), an oncogenic receptor and poor prognostic factor, is 
found in 15% to 20% of all breast cancers. Although less fre-
quent, HER2+ is found in as many as 10% of node–negative 
breast cancers less than 1 cm (ie, pT1a/bN0).1-3 HER2-targeted 
therapy with trastuzumab and chemotherapy has significantly 
lowered recurrence and mortality risk in the treatment of ear-
ly-stage HER2+ breast cancers, but very few patients with pT1a/
bN0 tumors were enrolled in the key trials. Therefore, the man-
agement of small node–negative HER2+ breast cancer remains 
unclear as small node–negative breast cancers are generally asso-
ciated with a favorable prognosis and trastuzumab-based treat-
ment can result in both short- and long-term complications. 
Despite the lack of robust evidence, there had been a significant 
increase in the use of chemotherapy with trastuzumab in these 
patients over the last decade.4 In this article, we will review the 
literature of pT1a/bN0 HER2+ breast tumors and the efficacy of 
trastuzumab in these patients. 

Natural History of pT1a/bN0 HER2-Overexpressed Breast 
Tumors
HER2 overexpression has both prognostic and predictive value. 
Patients with HER2+ tumors have a higher risk of recurrence. 
Small node–negative breast cancer, especially those <1 cm, gen-
erally carries a favorable prognosis. One of the first studies to 
suggest HER2+ as a risk factor for recurrence in this subset was a 
Finnish study published in 2003.5 In this retrospective review of 
852 patients with stage I breast cancer, 313 patients had pT1a/
bN0M0 tumors. HER2 status was documented in 194 patients. 
Among these patients, those with moderately or poorly differ-
entiated breast tumors had lower distant disease-free survival 
(DDFS) only if their tumors were HER2+ (9-year survival, 92% 
vs 67%; P = .003). 

This finding was further reinforced by 2 large retrospective 
reviews. In the MD Anderson series that consisted of 965 pa-
tients with pT1a/bN0 breast tumors not treated with adjuvant 
chemotherapy or trastuzumab, patients with HER2+ tumors had 
a higher risk of recurrence (hazard ratio [HR], 2.68; 95% CI, 
1.44-5.0; P = .002) and distant recurrence (HR, 5.3; 95% CI, 
2.23-12.62; P <.001) than those with HER2– tumors.3 The 5-year 
recurrence-free survival (RFS) was 77.1% and 93.7%, respective-
ly, for HER2+ and HER2– breast cancers. The European Insti-
tute of Oncology group identified 2130 patients with pT1a/bN0 
breast tumors; 150 had HER2+ breast tumors. None of these 
patients received adjuvant trastuzumab. They reported a lower 
5-year DFS in patients with pT1a/bN0 HER2+ breast cancers 
(HR, 2.4; 95% CI, 0.9-6.5; P = .09).1 In this series, HER2+ status 
was associated with a worse prognosis in hormone receptor–pos-
itive breast cancer compared with their hormone receptor–nega-
tive counterparts (HR, 5.1; 95% CI, 1.0-25.7). 

A National Comprehensive Cancer Center Network (NCCN) 
database review recently reported a 5-year overall survival exceed-
ing 95% in patients with pT1a/bN0 breast tumors who were not 
treated with chemotherapy or trastuzumab. For patients with un-
treated pT1aN0 HER2+ breast tumors, the 5-year overall survival 
was 95% (95% CI, 88-98; n = 102) in hormone receptor–positive 
and 93% (95% CI, 79-98; n = 49) in hormone receptor–negative 
patients, respectively. The 5-year overall survival in patients with 
untreated pT1bN0 HER2+ breast cancers was 95% (95% CI, 
88-98; n = 89) and 100% (n = 17) in hormone receptor–positive 
and hormone receptor–negative patients, respectively.4 The over-
all survival did not appear to be significantly different between 
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the hormone receptor–positive and hormone receptor–negative 
groups. However, no direct comparison was made between these 
groups.

The Kaiser Permanente Northern California (KPNC) tumor 
registry also identified 171 patients with untreated HER2+ 
pT1a/bN0 breast tumors. A lower 5-year distant recurrence–free 
interval (DRFI) was reported in patients with T1bN0 HER2+ tu-
mors measuring 1 cm compared with smaller tumors.6 The 5-year 
DRFI was 99% (95% CI, 93-99.9%), 100%, and 93.3% (95% 
CI, 75.9-98.3%) for T1a, T1b measuring less than 1 cm, and T1b 
measuring 1 cm, respectively. Similar to the NCCN database re-
view, the 5-year DFRI did not appear to be different between 
the hormone receptor–positive and hormone receptor–negative 
patients (98.1% vs 98.4%). In summary, retrospective outcomes 
series of pT1a/bN0 HER2+ breast tumors show wide ranges in 
outcomes, with some, though not all, suggesting a higher recur-
rence risk in HER2+ compared with HER2– cases—overall, still 
an excellent outcome. It is important to determine baseline re-
currence risk, as the benefit of systemic adjuvant therapy is gen-
erally proportional to the risk.

Benefits of HER2-Targeted Therapy 
Several large randomized multicenter studies have shown that 
the addition of trastuzumab to chemotherapy results in de-
creased recurrence and better OS. This knowledge has led to new 
standards for, and widespread use of, trastuzumab-based therapy 
for early-stage HER2+ breast cancer.7-9 However, none of the 4 
pivotal studies included patients with pT1a/bN0 breast can-
cers, with the exception of the BCIRG-006 trial, which includ-
ed T1a/b breast tumors. Although not specifically mentioned, 
these tumors were likely node-positive. Nevertheless, at present, 
there is lack of data from controlled studies regarding the effica-
cy or magnitude of benefit of adjuvant trastuzumab for pT1a/
bN0 breast cancers. 

In a French multicenter retrospective review of 276 cases of 
pT1a/bN0 HER+ breast tumors, 129 patients (47%) were treat-
ed with adjuvant trastuzumab-based chemotherapy (ATBC+), 19 
with chemotherapy alone, 5 with trastuzumab alone, and 123 
(45%) with neither trastuzumab nor chemotherapy (ATBC–).10 
The receipt of ATBC was significantly associated with hormone 
receptor–negative status, high Ellston-Ellis (EE) grade, tumor 

Table 1. pT1a/bN0M0 HER2+ Breast Cancer Outcomes

DDFS indicates distant disease-free survival; DFS, disease-free survival; DRFI, distant recurrence-free interval; HR, hazard ratio; HR–, 
hormone receptor-negative; HR+, hormone receptor-positive; OS, overall survival; RFS, recurrence-free survival.

Study Study Type No. of Patients Findings

Finnish 20035 Retrospective review 194 (<5% received  
adjuvant therapy)
(23 HER2+)

9-year DDFS 92% vs 67% in moderately and poorly 
differentiated HER2 unamplified (n = 56) and 
amplied (n = 12) tumors, respectively

MD Anderson 20093 Retrospective review 965 untreated patients
(98 HER2+)

5-year RFS 77.1% vs 93.7%
Distant recurrence HR 5.3 (95% CI, 2.23-12.62; 
P< .001)

EIO 20091 Retrospective review 2130 untreated patients
(150 HER2+)

5-year DFS HR 2.4 (95% CI, 0.9-6.5; P = .09)
HR+ vs HR: HR 5.1 (95% CI, 1-25.7)

NCCN 20144 Retrospective review 3401 untreated patients
(257 HER2+)

5-year OS, pT1aN0
   HR+ 95% (95% CI, 88-98; n = 102)
   HR– 93% (95% CI, 79-98; n = 49)
5-year OS, pT1bN0
   HR+ 95% (95% CI, 88-98; n = 89)
   HR– 100% (n = 17)

KPNC 20146 Retrospective review 234 HER2+
(171 untreated)

5-year DRFI 
   T1a 99% (95% CI, 93-99.9%)
   T1b <1.0 cm 100%
   T1b 1.0 cm 93.3% (95% CI, 75.9-98.3%)

   HR+ 98.1% (95% CI, 92.6-99.5%)
   HR = 98.4% (95% CI, 88.9-99.8%)
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size, and patient age. Despite this selection bias, there were only 
2 recurrences in the ATBC+ group but 13 in the ATBC– group 
at a median follow-up of 44 months, with a 40-month DFS of 
99% and 93%, respectively (P = .018).

A prospective randomized trial of trastuzumab-based treat-
ment would ideally support the potential benefit of this ap-
proach in patients with pT1a/bN0 HER2+ breast cancers. Until 
recently, no such studies had been conducted due to several lim-
itations, such as low incidence, which could limit recruitment 
of participants; ethical concerns about involving a no-treatment 
placebo group; and concerns about potential long-term toxicities 
in women with a good prognosis. In view of these challenges, Da-
na-Farber Cancer Institute designed a phase 2 prospective, non-
randomized study of weekly adjuvant paclitaxel in combination 
with trastuzumab (APT) for 12 weeks, followed by maintenance 
trastuzumab for 1 year in patients with node-negative HER2+ 
breast cancer measuring 3 cm or less.11,12 A total of 201 of the 
406 study participants had pT1a/bN0 breast cancers. The 3-year 
DFS in this group was 99.5%, a proportion significantly higher 
than the historical data from the MD Anderson series, among 
others. An ongoing randomized phase 2 trial (ATEMPT Trial) is 
comparing the Dana-Farber APT regimen with the immunocon-
jugate ado-trastuzumab emtansine (T-DM1) given every 3 weeks 
for 17 cycles for patients with HER2+ stage I breast cancer.13 
The primary end points of this trial are DFS (assessed at 2 years) 
and safety, and the design calls for a 3:1 randomization favoring 
T-DM1 and an accrual of 500 patients. 

Adverse Reactions of HER2-Targeted Therapy
Cardiac events are the adverse events (AEs) of greatest concern 
for HER2-targeted therapy, especially when small benefits in 
outcome are projected. Pivotal trials of HER2-targeted therapies 
have shown heterogeneity in their definitions of cardiac AEs, but 

each trial consistently reported an increase in cardiac AEs.14,15 
In the NSABP-B31 and NCCTG-N9831 trials, the cumulative 
incidence of congestive heart failure at 7 years of follow-up was 
4% with trastuzumab given concurrently with chemotherapy 
and after anthracycline compared with 1% with chemotherapy 
alone.14 In the HERA trial that used trastuzumab following all 
chemotherapy, the incidence of New York Heart Association 
(NYHA) III/IV congestive heart failure was 0.8% compared 
with 0% in the control group, and 5.2% of patients had to 
discontinue trastuzumab due to cardiac AEs.15 Templeton et al 
conducted a pooled analysis of these pivotal trials showing an 
absolute increase of 1.8% for grade 3 or 4 cardiac toxicity (2.1 
vs 0.3%), with an odds ratio of 7.6 (95% CI, 4.4-13.1; P <.001).16 

Cardiac AEs are more likely following prior use of anthracycline. 
This was shown in the BCIRG-006 trial where congestive heart 
failure and cardiac dysfunction were significantly more common 
in the group receiving AC-TH (2.0%) than the group receiving 
TCH (0.4%; P <.001) or AC-T (0.7%).9 Although most cardi-
ac AEs are reportedly transient, the BCIRG-006 trials demon-
strated a significant difference in sustained, subclinical loss of 
mean LVEF (defined as >10% relative loss) in the group receiving 
AC-TH (18.6%) compared with AC-T (11.2%) and TCH (9.4%) 
(P <.001).9 In the APT trial, Tolaney et al reported that only 2 
patients (0.5%) developed symptomatic congestive heart failure 
after treatment with paclitaxel/trastuzumab combination, and 
both cases resolved after discontinuation of trastuzumab.11

In addition, trastuzumab is associated with infusion reaction 
in up to 40% of patients.17 Other common adverse reactions in-
clude diarrhea and infection.

Toxicities reported from clinical trials may underestimate AE 
rates, as they tend to enroll healthier and more highly resourced 
patients. A population-based retrospective study showed a 5-year 
cumulative incidence of heart failure as high as 20% (95% CI, 

Table 2. Benefits of HER2-Targeted Therapy in pT1a/bN0 Breast Cancer

ATBC indicates adjuvant trastuzumab-based chemotherapy; DFS, disease-free survival.

Study Study Type No. of Patients Findings Remarks

French10 Retrospective 276
(129 ATBC+, 123 ATBC-)

90-month DFS 99% in ATBC+ and 
93% in ATBC- cases (P = .018)

Decision to use ATBC was 
associated with hormone 
receptor–negative status, high 
Ellston-Ellis (EE) grade, tumor 
size, and patient age

APT trial11 Prospective phase 
2 for T≤3 cm, node- 
negative HER2+ 
tumors

201 pT1a/bN0 cases 3-year DFS 99.5% (95% CI, 
98.4%->99.9%

For all patients, 3-year DFS 
98.7% (95% CI, 97.6-99.8%)
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14-25.6%) in patients treated with anthracycline and trastuzum-
ab.18 In the SEER-Medicare data review, 2028 patients 66 years or 
older were included. Among these patients, 1.2% and 1.7% were 
hospitalized with heart failure during trastuzumab treatment 
and in the year after treatment, respectively. Patients who had 
a history of cardiac disease had a higher likelihood of requiring 
a cardiac admission during treatment (9.6% vs 2.7%; P <.001).19

Cost-Effectiveness
It is estimated that a year of adjuvant trastuzumab alone will cost 
$57,000. This does not include the additional cost of cytotoxic 
partner drugs, surveillance, management of cardiac toxicity, phy-
sician visits, and travel expenses.20 Although adjuvant trastuzum-
ab in HER2+ breast cancer is undoubtedly cost-effective,21,22 it is 
unclear whether the cost-effectiveness extends to pT1a/bN0M0 
HER2+ tumors given the overall low recurrence risk and small 
impact on outcome. In the face of rising healthcare costs, the 
cost-effectiveness of adjuvant trastuzumab therapy in patients 
with pT1a/bN0M0 HER2+ breast cancer is a significant consid-
eration that will require further analysis and modeling of avail-
able and pending data. 

Conclusion
Although pT1a/bN0M0 breast cancers are associated with favor-
able prognosis, HER2 overexpression in these patients certain-
ly carries a worse prognosis with more distant recurrences and 
lower OS rates. HER2 overexpression has been associated with 
a DFS as low as 67%5 and as high as 100%.4 It is challenging 
to make an accurate prognosis of this group of patients due to 
the lack of robust data. Which factors contribute to the large 
difference in reported prognosis is unclear. A higher histological 
grade, negative hormone–receptor status, and/or the larger tu-
mor size associated with HER2 positivity have been cited as pos-
sibilities. Fehrenbacher reported that T1b tumors measuring 1 
cm clearly had worse DRFI compared with other pT1a/bN0M0 
HER2+ breast cancers.6 Adjuvant trastuzumab has been associ-
ated with excellent survival,10-12 but the benefit attributable to 
trastuzumab has not been confirmed, nor has the magnitude of 
the benefit been estimated in a randomized trial. Given the over-
all good prognosis in this group of patients, the absolute benefit 
from adjuvant HER2-targeted therapy is likely small. Thus, the 
decision for treatment should entail a discussion of risk and ben-
efit between the physician and patient, especially patients with 
T1b breast cancers with poor risk features (eg, tumors measuring 
1 cm, high histological grade, and/or hormone receptor–nega-
tive status). This discussion could include benefit estimated us-
ing the natural history of untreated pT1a/bN0 HER2+ cancers. 
Moving forward, we will need a more reliable method to identify 
patients with high-risk pT1a/bN0M0 HER2+ who will benefit 
from treatment. Perhaps the 70-gene expression profile assay 
(Mammaprint) could be a useful tool, as the validation of this 

assay included HER2+ tumors, such that low-risk hormone re-
ceptor–positive tumors could be recommended for adjuvant hor-
monal therapy alone. However, this assumption should be tested 
using data from past or ongoing trials. In addition to benefit 
prediction assays, regimens with a more favorable toxicity profile, 
ideally nonanthracycline-based or even chemotherapy-free, need 
to be evaluated in order to improve the risk-benefit ratio for this 
category of patients. 
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Introduction
Lung cancer is the leading cause of cancer-related death in both 
men and women in the United States, and the median 5-year 
survival rate for lung cancer is 5% worldwide.1 Lung cancer is 
divided into 2 major categories based on histological features: 
small cell lung cancer (SCLC) and non-small cell lung cancer 
(NSCLC), which constitute 15% and 85% of lung cancer cas-
es, respectively. Most patients with NSCLC are diagnosed with 
advanced and unresectable disease (stage IIIB or IV). If left 
untreated, these patients have a median survival of less than 6 
months. The initial standard treatment regimen usually includes 
a doublet of platinum agents and a taxane. In a landmark study 
of 1207 patients with advanced NSCLC, treatment with any  
of 4 doublets resulted in similar outcomes in radiological re-
sponse (19%) and overall survival (OS; 7.9 months).2 One prom-
ising strategy to improve survival in these patients involves tar-
geting the epidermal growth factor receptor (EGFR) in advanced 
NSCLC.

In 1986, Stanley Cohen won the Nobel Prize for his discovery 
of the epidermal growth factor.3 Its receptor was isolated in 1988 
when Mendelsohn and colleagues first suggested EGFR as an an-
ticancer target.4 It was not until May 2004 that 2 pivotal studies 

showed the correlation between somatic mutations in the kinase 
domain of EGFR and the strong response of advanced NSCLC 
to EGFR tyrosine kinase inhibitors (TKIs).5,6 These landmark 
studies opened a new chapter of targeted therapy and a new 
treatment paradigm in the management of advanced NSCLC.

The Biology of EGFR Mutations and Their Role in Intracel-
lular Signaling 
EGFR, also referred to as ErbB1, is 1 of 4 receptors collectively 
described as the receptor tyrosine kinases (RTKs) of the ErbB 
family. Other members of this family of receptors include ErbB2 
(HER2), ErbB3 (HER3), and ErbB4 (HER4). All have a common 
structural architecture comprising an extracellular ligand-bind-
ing domain, a transmembrane domain, and an intracellular do-
main with tyrosine kinase activity for signal transduction. The 
binding of its ligand to EGFR initiates a cascade of intracellular 
signaling that ultimately leads to the expression of the cellular 
effects in the form of cell proliferation and survival.

EGFR mutations as a major and potent oncogenic driver of 
advanced NSCLC were first described independently by Lynch 
et al5 and Paez et al6 when gefitinib, one of the first EGFR TKIs 
designed to target the intracellular tyrosine kinase domain of 
EGFR, was demonstrated to cause dramatic tumor reduction in 
selected patients with EGFR mutations.

The 2 most common EGFR mutations in NSCLC are the 
L858R mutation in exon 21 and the exon 19 deletions. Both are 
drug-sensitizing mutations and together represent 85% to 90% 
of EGFR mutations in lung cancer. Exons 18 to 21 encode a 
portion of the tyrosine kinase domain of EGFR, and the most 
common alteration occurs as a T to G mutation at nucleotide 
2,573 in exon 21, leading to substitution of arginine for leucine 
at position 858 (L858R). In the exon 19 deletants, there is a 
deletion of 4 amino acids (LREA).5

The biochemical mechanism of EGFR kinase domain muta-
tion activation results from an increased and sustained duration 
of receptor activation (gain-of-function) by the ligands compared 
with wild-type EGFR.5 Kinetic analysis of the purified intracellu-
lar domain of EGFR L858R and a representative deletion mu-
tant showed that both mutants displayed a higher Michaelis con-
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stant (Km) (substrate concentration at which the reaction rate is 
half of V

max
) for ATP and a lower dissociation constant (Ki; the 

measure of ligand binding affinity) for erlotinib relative to the 
wild-type receptor, leading to a 100-fold difference in sensitivity 
to EGFR TKIs.7,8 Mutations in the EGFR tyrosine kinase are 
observed in approximately 15% of NSCLC adenocarcinomas 
in the United States and occur more frequently in women and 
nonsmokers.9 The incidence in East Asian populations is 22% 
to 62%.10

EGFR mutations with del 19 and L585R are referred to as 
gain-of-function mutations because they cause activation of 
the EGFR signaling pathway in the mutant EGFR-positive on-
cogenic cells, and some of these mutations also lead to greater 
sensitivity to EGFR TKIs compared with cases with wild-type 
EGFR. Resistance mutations also occur either de novo or fol-
lowing prolonged exposure to EGFR TKIs. Examples of the pri-
mary resistance EGFR mutations include the KRAS, PTEN, and 
BRAF mutations, all of which confer resistance to EGFR TKIs in  
NSCLC tumors with these mutations. The T790M mutation in 
the EGFR gene can be either primary or acquired, while MET 
amplification and epithelial-mesenchymal transition (EMT) are 
both acquired mutations conferring resistance to EGFR TKIs.

Other mutations in advanced NSCLC tumors are collectively 
described as uncommon EGFR mutations of unknown clinical 
significance; their number is small compared with the well-de-
scribed EGFR mutations of clinical significance. These mu-
tations in the EGFR involve amino acid substitution in E709, 
G719, S768, L861, and others. Their association to the effective-
ness of the EGFR TKI is currently not well understood.11,12 How-
ever, a recent study by Wu et al13 showed that mutation on G719 
and L861 comprised a major part (28 of 62) of the uncommon 
mutations and were associated with a favorable effectiveness of 
EGFR TKIs, while mutations other than these 2 led to a worse 
response to EGFR TKIs. This study concluded that uncommon 
EGFR mutations constitute a distinct part of the whole group 
of EGFR mutations, that their composition was heterogeneous, 
and that their association with EGFR TKIs differed.13

Diagnostic Testing in EGFR Mutation–Positive NSCLC
Since the discovery of EGFR mutations and other clinically signif-
icant molecular aberrations in NSCLC, a number of diagnostic 
tests have been developed to assay for these genomic alterations. 
As advancement in this field had culminated in the development 
of multiple highly sophisticated genomic sequencing technolo-
gies, it is imperative to have a firm understanding of the various 
options and the institutional guidelines available in selecting the 
appropriate test in the office practice. In an October 2014 press 
release, the American Society of Clinical Oncology (ASCO) 
announced its endorsement of the clinical practice guideline 
on molecular testing for selection of patients with lung cancer 
for therapies targeting EGFR and anaplastic lymphoma kinase 

(ALK), developed by the joint College of American Pathologists 
(CAP)/International Association for the Study of Lung Cancer 
(IASLC)/Association for Molecular Pathology (AMP). 

The guidelines recommend that testing should be offered at 
the time of diagnosis for patients with advanced NSCLC or re-
currence regardless of tumor size or patient characteristics, such 
as gender, race, and smoking status. Although the guideline did 
not identify a specific testing platform, it recommends against 
assays that utilize immunohistochemistry (IHC) for EGFR and 
EGFR copy number and mutation analysis, except for samples 
that are insufficient for molecular analysis. It also advises labora-
tories to set a minimal cellularity requirement during assay vali-
dation for EGFR testing and recommends that the exact method 
chosen should be able to identify EGFR mutations in samples 
with more than 10% tumor cells. For the detection of acquired 
resistance EGFR mutations such as T790M, the testing should 
be adequately sensitive in samples with more than 5% tumor 
cells. There was also stipulation placed on the operationaliza-
tion for the testing laboratories to ensure that results are made 
available within 5 to 10 workdays, with transportation times of 
3 days for external facilities and 24 hours for institution-based 
laboratories.14 The guidelines also recommend molecular testing 
for ALK-rearrangement in all patients with advanced NSCLC 
to ensure that all patients who are candidates for ALK-target-
ing therapies, such as crizotinib and certinib, are identified.14 

The currently available range of molecular testing platforms for 
EGFR testing in laboratories include Sanger sequencing, IHC, 
multiplex hotspot mutation testing, multiplex sizing assays, and 
next-generation sequencing.15 

EGFR TKIs in the Treatment of NSCLC
Clinical oncologists have traditionally made treatment decisions 
based on the histology of lung tumors, distinguishing NSCLC 
from SCLC. In 2003, gefitinib, a first-generation EGFR TKI, 
received accelerated approval from the FDA as a second-line 
treatment for advanced NSCLC after two phase 2 trials (IDE-
AL-1 and -2) in chemotherapy-refractory patients demonstrated 
a response rate (RR) of 10% in Caucasian cohorts and 28% in 
Japanese cohorts.16,17 Overall survival was 6 to 8 months in unse-
lected patients.

Erlotinib was approved in 2004 after a phase 3 trial (BR.21) 
demonstrated that erlotinib monotherapy conferred a 2-month 
survival benefit over best supportive care (BSC) in patients with 
chemotherapy-refractory advanced NSCLC, with a RR of 9% in 
the erlotinib arm and less than 1% in the placebo arm.18 Follow-
ing the work of Lynch et al5 and Paez et al,6 who independently 
demonstrated EGFR mutations in some of the gefitinib respond-
ers, the apparently low RR in these studies was demonstrated 
to be related to the low incidence of EGFR mutations in the 
unselected patient populations. These studies demonstrated 
that the target of EGFR TKIs is EGFR with either a deletion 
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in exon 19 or a point mutation in exon 21, not in the wild-type 
receptor. Multiple phase 2 studies have confirmed the efficacy of 
the EGFR TKIs as second- and third-line therapy for EGFR mu-
tation–positive NSCLC, and tumor response rates were shown 
to be consistently well over 60% independent of age, gender, 
and ethnicity.19-21 A number of other phase 3 studies have val-
idated the use of EGFR TKIs as first-line therapy in advanced 
NSCLC.22-28

EGFR TKIs as First-Line Therapy
The role of EGFR TKIs as first-line therapy in patients with EG-
FR-mutated advanced NSCLC was confirmed by the results of 
the randomized phase 3 IPASS (Iressa Pan-Asia) study.23 In this 
trial, patients were enrolled based on clinical features to ensure 
good representation of the patient population with activating 
EGFR mutations, and tumor samples were analyzed retrospec-
tively for presence or absence of EGFR mutations. EGFR mu-
tation was confirmed as a predictive biomarker for response to 
EGFR TKIs by the results of this trial. Tumor RRs in patients 
with EGFR activating mutations were 71.2% in the gefitinib 

group compared with 47.3% in the chemotherapy arm, and were 
statistically significant (P <.001). The primary end point of pro-
gression-free survival (PFS) was significantly prolonged in the 
gefitinib treatment group (9.8 vs 6.4 months; hazard ratio [HR] 
= 0.48; P <.0001). An OS benefit could not be accounted for 
in the study because the majority of patients treated with first-
line chemotherapy were crossed over to the gefitinib group at the 
time of progression.

The superiority of EGFR TKIs over standard platinum-based 
doublet chemotherapy was further supported by subsequent 
multiple trials that enrolled only patients with activating EGFR 
mutations and randomized them to either an EGFR TKI or 
chemotherapy (Table). Significantly higher RRs and prolonged 
PFS occurred consistently across all of the randomized studies, 
offering further support to the efficacy of EGFR TKIs as a stan-
dard treatment for patients with advanced NSCLC with EGFR 
mutations. 

Afanitib, a second-generation TKI approved by the FDA in 
July 2013, is an irreversible EGFR TKI and is used as a first-line 
treatment option for patients with advanced NSCLC with EGFR 

Table. Treatment Outcomes in EGFR-Mutated NSCLC: EGFR TKIs or Chemotherapy

Authors Study Arm # of Patients Tumor RR (%) Median PFS (months)

Mok et al23 IPASS Gefitinib vs Carbo/Paclitaxel 261 71.2 vs 47.3 9.8 vs 6.4

Han et al27 First-SIGNAL Iressa vs Gem/Cis 42 84.6 vs 37.5 8.4 vs 6.7

Maemondo 
et al73 NEJ02 Gefitinib vs chemotherapy 114 73.7 vs 30.7 10.8 vs 5.4

Mitsudomi 
et al28 WJTOG 3405 Gefitinib vs Cis/Docetaxel 86 62.1 vs 32.2 9.2 vs 6.3

Zhou et al20 OPTIMAL Erlotinib vs chemotherapy 154 83.0 vs 36.0 13.1 vs 4.6

Rosell et al21 EURTAC Erlotinib vs chemotherapy 175 54.5 vs 10.5 9.4 vs 5.2

Sequist et al24 LUX-Lung 3 Afatinib vs Cis/Pemetrexed 345 56 vs 23 11.1 vs 6.9

Wu et al25 LUX-Lung 6 Afatinib vs Gem/Cis 364 66.9 vs 23 11.0 vs 5.6

Cis indicates cisplatin; Carbo, carboplatin; Gem, gemcitabine; EURTAC, Erlotinib versus Standard Chemotherapy as First-line Treatment 
for European Patients with Advanced EGFR Mutation-Positive Non-Small-Cell Lung Cancer; FIRST-SIGNAL, First-line Single Agent Iressa 
Versus Gemcitabine and Cisplatin Trial in Never-Smokers with Adenocarcinoma of the Lung; IPASS, Iressa Pan-Asia Study; LUX-Lung 3, 
Phase III Study of Afatinib or Cisplatin Plus Pemetrexed in Patients With Metastatic Lung Adenocarcinoma With EGFR Mutations; LUX-
Lung 6, a Randomized, Open Label, Phase III Study of Afatinib Versus Gemcitabine/Cisplatin as First-line Treatment for Asian Patients 
With EGFR Mutation-Positive Advanced Adenocarcinoma of the Lung; NEJ, North East Japan; OPTIMAL, Randomised Phase III Study 
Comparing First-line Erlotinib versus Carboplatin Plus Gemcitabine in Chinese Advanced Non-Small-Cell Lung Cancer Patients with 
EGFR Activating Mutations; PFS, progression-free survival; RR, response rate; WJTOG, West Japan Thoracic Oncology Group. 
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mutations. It covalently bonds with the ATP binding sites of the 
tyrosine kinases, causing permanent inhibition to the site, and 
also has inhibitory effect on the HER2 receptor. 

In a combined report of the phase 3 randomized LUX-Lung 3 
and LUX-Lung 6 trials presented recently at the 2014 Multidisci-
plinary Symposium in Thoracic Oncology in Chicago by Sequist 
et al,29 first-line afatinib was shown to improve OS in patients 
with advanced NSCLC with EGFR exon 19 deletion. In these tri-
als, both of which shared the same design and methodology, pa-
tients with stage IIIB and IV NSCLC EGFR-positive mutations 
were randomized 2:1 to receive oral afatinib at a daily dosage of 
40 mg or up to 6 cycles of pemetrexed/cisplatin in the LUX-Lung 
3 trial and gemcitabine/cisplatin in the LUX-Lung 6 study. Ran-
domization was stratified for both studies based on the mutation 
type (Del19/L858R/other), with 89% of patients in each trial 
possessing either del19 or L858R and 11% of patients having 
uncommon mutations. The patient population (N = 345) in 
the LUX-Lung 3 trial was stratified by race (Asian/non-Asian), 
with the non-Asians recruited from Europe, South America, and 
Australia. For the LUX-Lung 6 trial, the patient population (N 
= 364) was predominantly Chinese. The primary end point for 
both trials was PFS, which previously reported data showed was 
met by both trials.24, 25 Secondary end points include OS, disease 
control rate (DCR), patient-reported outcome, and objective re-
sponse rate (ORR). Median follow-up for OS was 40.9 months 
and 33.7 months for the LUX-Lung 3 and LUX-Lung 6 trials, re-
spectively. The HR for OS was 0.78 (95% CI, 0.58-1.06; P =.109) 
versus pemetrexed/cisplatin and 0.83 (95% CI, 0.63-1.09; P = 
.176) versus gemcitabine/cisplatin. Results within the mutation 
subgroup were consistent between both trials. In the analysis of 
common mutation, OS improved in patients with EGFR del19 
regardless of their race. 

Data from LUX-Lung 3, comprising a global population, show 
a median OS of 33.3 months with afatinib versus 21.1 months 
with chemotherapy (HR = 0.54; 95% CI, 0.36-0.79). In LUX-
Lung 6, comprising a primarily Asian population, the median 
OS was 31.4 months with afatinib compared with 18.4 months 
in the chemotherapy arm (HR = 0.64; 95% CI, 0.44-0.94). In 
LUX-Lung 3, the non-Asian population had a median OS of 
33.6 months with afatinib compared with 20.0 months in the 
chemotherapy group (HR = 0.45; 95% CI, 0.21-0.95; P = .03). 
No significant difference in OS was seen in patients with L858R 
mutations between the afatinib and chemotherapy arms. How-
ever, the study authors concluded that despite the lack of clear 
differentiating factors between the regimens, afatinib remains 
a treatment option with EGFR L858R mutations, and that go-
ing forward, patients with these 2 mutations can no longer be 
grouped together in the same study because patients with del19 
and L858R mutations behave quite differently.29

In an effort to determine which of the 3 currently available 
EGFR TKIs are best for treatment of advanced NSCLC with pos-

itive EGFR mutations, a phase 2 randomized study, LUX-Lung 
7, is currently ongoing comparing afatinib with gefitinib as first-
line therapy for patients with either exon 19 deletion or L858R 
mutations. Accrual for the study is completed, and results are 
pending.

EGFR TKIs as Second-Line Therapy
Prospective data comparing first- and second-line EGFR TKIs 
in patients with advanced NSCLC with activating EGFR muta-
tions are limited and are usually based on single-arm studies. The 
largest of these prospective studies is the Spanish Lung Cancer 
Study Group, which reported on 113 chemotherapy-naïve and 
104 chemotherapy-refractory patients.17 In this trial, the tumor 
RR was 73.5% in the chemotherapy-naïve group and 67.4% in 
the chemotherapy-refractory arm, and the PFS was nearly the 
same between the groups (14 vs 13 months).

Another small prospective single-arm study from Japan, which 
evaluated the efficacy of first- and second-line EGFR TKIs, re-
ported a RR of 77.8% in chemotherapy-naïve and 50% in che-
motherapy-refractory patients.30 Other data supporting the use 
of EGFR TKIs as second-line treatment came from a subgroup 
analysis of large randomized trials. For example, both the ISEL 
(Iressa Survival Evaluation in Lung Cancer) study and BR.21 
(National Cancer Institute of Canada bronchogenic carcinoma 
study number 21) were conducted in unselected patient popula-
tions after progression on 1 or 2 lines of therapy. Patients were 
randomized to either an EGFR TKI or BSC.18,31 In the ISEL 
study, only 26 patients with mutant EGFR received gefitinib, and 
the RR was 37.5%, while in the BR.21 study, 40 patients with 
the EGFR mutation treated with erlotinib showed a RR of 27%.

A recent study, the TAILOR trial (Tarceva Italian Lung Op-
timization Trial), compared the efficacy of erlotinib in patients 
with wild-type EGFR with that of docetaxel as a second-line 
therapy.32 In this trial, patients with wild-type EGFR NSCLC at 
progression and who were previously treated with a first-line plat-
inum-based regimen, were randomized to receive either erlotinib 
or docetaxel until disease progression or unacceptable toxicity 
occurred. Of the 222 patients evaluated (112 for erlotinib vs 110 
for docetaxel), the median OS was 8.2 months (95% CI, 5.8-
10.9) with docetaxel versus 5.4 months (range, 4.5-6.8 months) 
with erlotinib (adjusted HR = 0.73; 95% CI, 0.53-1.0; P = .05). 
PFS was significantly better with docetaxel than with erlotinib: 
median PFS was 2.9 months (95% CI, 2.4-3.8) with docetaxel 
versus 2.4 months (range, 2.1-2.6 months) with erlotinib (adjust-
ed HR = 0.71; 95% CI, 0.53-0.95; P = .02). The study concluded 
that chemotherapy as a second-line therapy is more effective than 
erlotinib in previously treated patients with advanced wild-type 
EGFR NSCLC.

EGFR TKIs in Combination With Chemotherapy 
Initial attempts to employ EGFR TKIs in combination with 
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chemotherapy resulted in poor outcomes; multiple randomized 
studies that compared the combination of a platinum-based regi-
men plus an EGFR TKI with chemotherapy alone demonstrated 
a lack of benefit in the combination therapy group in unselected 
patient populations.33-35 Due to the absence of detailed biomark-
er analysis from these studies, it was not clear whether the ab-
sence of benefit was related to the enrollment of a large number 
of patients with EGFR wild-type NSCLC who would derive min-
imal benefit from EGFR TKIs. 

Preclinical studies were carried out to explore the possibility 
of a negative interaction between EGFR TKIs and chemotherapy 
when given concurrently. It was revealed in one of the studies 
that in NSCLC cell lines with activating mutant EGFR L858R, 
gefinitib caused apoptosis, while it only induced G1 cell cycle 
arrest in the wild-type EGFR cell lines.36 The investigators spec-
ulated that this was due to the protective effect conferred on 
the accumulated tumor cell lines in the G1 phase by the EGFR 
TKIs, protecting them from the action of chemotherapy, which 
specifically targets cells in the S or G2 and M phases of the cell 

cycle. Other preclinical studies in 
NSCLC cell lines have shown the 
need for sequential administration 
of EGFR TKIs and chemotherapy 
by demonstrating that concurrent 
administration of erlotinib and an 
M phase–specific taxane results in 
lower levels and a sustained shorter 
duration of apoptosis when com-
pared with the sequence of taxane 
followed by erlotinib.37, 38 

In a retrospective analysis in the 
TRIBUTE trial (a phase 3 study 
of erlotinib combined with pacl-
itaxel and carboplatin), patients 
with wild-type EGFR tumors who 
received combination erlotinib and 
chemotherapy had higher rates of 
progressive disease and inferior sur-
vival compared with patients who 
received chemotherapy alone.39 
This was also true for patients with 
activating EGFR mutations who re-
ceived combination therapy or che-
motherapy alone. 

Based on the results of TRIB-
UTE, 2 studies were launched in 
Asia to investigate the role of in-
tercalated chemotherapy with erlo-
tinib. The first was FASTACT (First-
line Asian Sequential Tarceva and 
Chemotherapy Trial), a multicenter 

randomized, placebo-controlled, phase 2 trial comparing the in-
tercalated combination of chemotherapy (gemcitabine 1250 mg/
m2 on days 1 and 8) and erlotinib (days 15-28) with chemother-
apy alone in unselected patient populations with advanced NS-
CLC.40 Results from the study showed a significantly improved 
PFS (HR = 0.57; log-rank P = .018). FASTACT 2, a phase 3 trial, 
was based on the result of FASTACT with the same study design 
(N = 451). 41 Approximately 85% of patients in the placebo group 
received second-line erlotinib on progression; this ensured that 
the EGFR mutation–positive subgroup had adequate exposure 
to an EGFR-TKI. Results from this trial showed the median PFS 
was 7.6 months in the combination group compared with 6.0 
months in the chemotherapy alone group (HR 0.57; 95% CI, 
0.47- 0.69; P ≤.0001). The median OS was 18.3 months versus 
15.2 months (HR 0.79; 95% CI, 0.64- 0.99; P = .042), also fa-
voring the combination group. Biomarkers analysis was done in 
240 patients, and 97 (40%) had EGFR mutations. The surviv-
al benefit for the intercalated combination following subgroup 
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analysis was restricted to patients with activating EGFR muta-
tions, but not patients with wild-type EGFR tumors. There was 
a remarkable improvement in the EGFR mutation–positive sub-
group, with over 10 months of improvement in the median PFS 
and OS. These results will need further confirmation before the 
approach can be recommended outside of a formal clinical trial.

Resistance to EGFR TKIs
Primary resistance to EGFR TKIs occurs when tumors do not 
undergo significant shrinkage in response to gefitinib and er-
lotinib in EGFR TKI-naïve patients on first exposure. Multi-
ple mechanisms are believed to be involved. One of these was 
demonstrated by Greulich et al42 in a preclinical study and later 
reported by Wu et al43 in retrospective clinical data, both demon-
strating that tumors with exon 20 insertions are generally insen-
sitive to EGFR TKIs. This occurs in less than 5% of patients 
with NSCLC. In about 20% of NSCLC cases, primary resistance 
is mediated by mutation in the KRAS signaling protein.44 An 
EGFR mutation is more common in never-smokers, while the 
KRAS mutation is prevalent in former and current smokers; 
their occurrences are mutually exclusive. Other implicated but 
rare mutations in primary resistance to EGFR TKIs include 
PTEN, MEK, and ALK-fusion.45-47

Acquired resistance eventually develops in all patients with 
EGFR mutation–positive advanced NSCLC treated with gefi-
tinib and erlotinib despite their substantial efficacies. Disease 
progression usually appears after about 1 year of treatment with 
either drug.48,49 The most common acquired resistance results 
from the T790M mutation, in which a C to T change occurs 
at the nucleotide 2,369 in exon 20 leading to substitution of 
methionine for threonine at position 790. The T790M residue 
lies within the drug-binding cleft of the EGFR and is thought 
to impair binding of the TKIs to the ATP binding site.50 As an 
alternative mechanism, Yun et al51 suggested that the amino acids 
change could alter the relative affinity of ATP versus drug. The 
EGFR exon 20 T790M mutations constitute 50% to 65% of ac-
quired resistance to EGFR TKIs, and overlapping mechanisms 
are rare.52-54

Another well-defined separate mechanism of acquired resis-
tance to EGFR TKIs is the amplification of MET, the gene en-
coding a different membrane-bound RTK.55 MET amplification 
occurs regardless of the T790M status, and its amplification in 
cells originally dependent upon mutant EGFR illustrates a phe-
nomenon that can be described as “kinase switch,” in which sur-
viving EGFR mutation–positive oncogenic cells exposed to pro-
longed action of EGFR kinase inhibition develop resistance by 
becoming dependent on another kinase, such as MET. Analysis 
of tumor samples and follow-up studies from multiple indepen-
dent patients with EGFR mutation–positive NSCLC suggests 
that the prevalence of MET amplification may be closer to 10%.56 

Other rarer forms of acquired resistance that have been de-
scribed but not completely understood include activating PIK-
3CA mutation,57 transformations to SCLC,58 activation of in-
sulin-like growth factor receptor pathway,59 and epithelial-mes-
enchymal transition (EMT).60 The exact frequencies of these 
mechanisms have not been completely established.

Management of NSCLC With Acquired Resistance to EGFR 
TKIs
One modality of treatment in acquired resistance to EGFR TKIs 
is the use of local therapies, including radiotherapy, local ab-
lation, and surgery if the sites of progression are limited. In a 
study by Yu et al,52 local therapy was offered to 18 patients who 
progressed on an EGFR TKI; they reported a median time to 
systemic therapy of 22 months and a median OS of 41 months. 
Another retrospective study of 65 patients with 4 or fewer sites 
of progression (so-called “oligoprogression”) while on an EGFR 
TKI or ALK inhibitor showed that local therapy could allow con-
tinuation of the TKI for more than 6 additional months.61 A 
prospective comparative study will be required, however, before a 
local therapy can be considered as standard treatment. For now, 
it serves as an option for selective patients.

For systemic progression, platinum-based doublet chemother-
apy is the standard option for treatment in patients with EGFR 
TKI-resistant advanced NSCLC who are chemotherapy-naïve. 
When there is metastasis to the brain, radiotherapy is the stan-
dard therapy. In a retrospective study of patients who had ex-
posure to both chemotherapy and TKIs after the development 
of resistance, there was improvement in tumor RR: 41% versus 
18% in favor of the doublet chemotherapy compared with the 
TKI group, but no significant differences in PFS or OS.62 Pa-
tients who received platinum-based chemotherapy and erlotinib 
had a tumor RR of 63% compared with 23% in patients treated 
with doublet chemotherapy alone. Another small, single-arm, 
prospective study from Japan in patients treated with pemetrexed 
in combination with erlotinib or gefitinib after development of 
acquired TKI resistance showed a tumor RR of 26% and a medi-
an PFS of 7 months.63 

However, results of The IMPRESS study (IRESSA Treatment 
Beyond Progression in Addition to Chemotherapy Versus Che-
motherapy Alone),64 a phase 3 randomized trial comparing com-
bination pemetrexed/carboplatin and gefitinib with chemother-
apy alone in EGFR mutation–positive patients who progressed 
on gefitinib, recently presented at the 2014 European Society for 
Medical Oncology (ESMO) Congress in Madrid, Spain, demon-
strated no significant difference in RR and PFS (primary end 
point) between the treatment arms. The result showed an ORR 
of 31.6% for gefitinib versus 34.1% for chemotherapy alone. The 
disease control rate was 84.2% versus 78.2% respectively, and 
the median PFS was the same for both groups at 5.4 months. 
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The OS data are currently immature, with only 33% of required 
events; however, a preliminary report at the 2014 ESMO Con-
gress was not encouraging either, with survival from time of ran-
domization of 14.8 months with gefitinib versus 17.2 months 
with chemotherapy. The HR was 1.62, and the difference is po-
tentially significant according to the report. No significant dif-
ference was observed between the treatments arms in rates of 
adverse events (AEs), serious AEs, and events leading to death. 
The report concluded that gefitinib should not be continued 
after disease progression by RECIST in patients with EGFR mu-
tation–positive NSCLC on first-line gefitinib. A phase 2 study 
with a similar design is also currently in progress in the United 
States.

Another recently described EGFR TKI is AZD9291, a selec-
tive, third-generation EGFR TKI effective against EGFR TKI 
sensitizing and resistance T790M mutations in preclinical 
models. A phase 1 study presented at the 2014 ASCO Annu-
al Meeting appears to show an encouraging outcome.65 In this 
study, 199 patients with EGFR mutation–positive NSCLC with 
acquired resistance to EGFR TKIs were enrolled in a multicenter 
trial into dose escalation and expansion cohorts. Results as of 
January 16, 2014, in all evaluable patients, show a confirmed 
plus unconfirmed ORR (c+uORR) of 51%; RECIST respons-
es were observed at all dosage levels and in brain metastasis. 
Among the 132 patients with centrally confirmed T790M mu-
tation, the c+uORR in the 89 EGFR T790M-positive patients 
was 64% (95% CI, 53%-74%), and in the 43 EGFR T790M-neg-
ative patients, 23% (95% CI, 12%-39%). The overall DCR in 
T790M-positive patients was 96%. Among the 60 patients with 
confirmed response, 97% were ongoing at data cutoff and the 
longest duration of response as of the time of this report was 
more than 8 months. The conclusion from the report was that 
AZG9291 has an impressive efficacy and is well tolerated in pa-
tients with EGFR mutation–positive NSCLC with acquired re-
sistance to EGFR TKIs. More trials on this agent, as well as trials 
of another T790M-targeting TKI (rociletinib, also known as CO-
1686),66 are currently ongoing. These third-generation TKIs may 
provide new options for acquired resistance to EGFR TKIs.

One other way of circumventing the effect of acquired resis-
tance to EGFR TKIs currently under development is to indirect-
ly target mutant EGFR by HSP90 inhibitors. HSP90 is a heat 
shock protein, which is required for stability and functioning of 
multiple signaling proteins that promote the growth and/or sur-
vival of cancer cells such as EGFR, MET, hepatocyte growth fac-
tor, and EML4/ALK. Analysis of the interaction between HSP90 
and mutant EGFR has revealed that the mutant EGFR proteins 
are more dependent than their wild-type counterparts on HSP90 
to fold properly; consequently, mutant EGFR is more sensitive to 
degradation following HSP90 inhibition with geldanamycins.67 
Further analysis of this mechanism has shown that HSP90 in-

hibitors induce stabilization or regression of T790M+ EGFR tu-
mors by enhancing the degradation of the mutant receptor and 
sensitize EGFR-mutant tumors to paclitaxel.68-70 So far, clinical 
data have been disappointing for HSP90 inhibitor IPI-504,71 but 
many more agents are currently under various stages of clinical 
trials, for which preliminary reports are forthcoming.

Dual targeting of EGFR kinase domain in patients with an 
acquired resistance to EGFR TKIs is also being explored. One 
example is a recently reported result of a phase 1 dose escala-
tion and expansion trial involving dual therapy with anti-EGFR 
monoclonal antibody cetuximab and afatinib.72 In this study, an 
ORR of approximately 30% was reported; however, this optimis-
tic result was tempered by the continued presence of toxicities, 
with as many as 69% and 77% of patients experiencing diarrhea 
and rash of any grade, respectively.

Future Directions and Conclusion
The past decade has seen an exciting paradigm shift in the 
management of advanced NSCLC with the development of ge-
fitinib and erlotinib, the approval of a second-generation TKI, 
and third-generation TKIs currently undergoing various levels of 
clinical trials. The discovery of EGFR mutation as an important 
determinant of NSCLC response to TKIs has yielded a better 
outcome in patients with advanced NSCLC with EGFR muta-
tions. This development has enabled clinicians to stratify pa-
tients according to the type of genetic mutations expressed by 
their NSCLC cells instead of their histological types alone, and 
this has made the prospect of personalized medicine more of a 
reality. With additional research in the study of tumor cell ge-
nomics and genetic abnormalities driving the growth of cancer 
cells, in the near future we hope to be able to characterize more 
patients according to the genetic expression driving the growth 
of their tumors and tailor their management by exploiting these 
mutations for therapeutic benefit in many more cancer types. 
Above all, there is an optimistic expectation that advanced-stage 
EGFR-positive NSCLC—even though it is incurable—may be 
managed as a chronic disease in the future.
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Introduction
Cervical cancer is the third most common cancer in women 
worldwide and is diagnosed in over 12,000 women in the Unit-
ed States each year.1 Among minorities, cervical cancer has in-
creased in incidence each year, with a global annual death rate of 
275,000.2 Worldwide it remains one of the most common caus-
es of cancer death among women. The human papilloma virus 
(HPV) is the primary cause of cervical cancer worldwide, and is 
implicated in over 99% of cases.3

Progress in the management of cervical cancer has been slow. 
Over the last 60 years, 2 major advances were accomplished. 
First, the introduction of the PAP smear as a screening method 
in the 1950s, which led to a 60% or higher decrease in death 
from cervical cancer.4 Second, though 50 years later, several ran-
domized trials demonstrated a 30% to 60% reduction in the 
risk of death with the addition of cisplatin to radiation therapy, 
which led the National Cancer Institute to issue a clinical alert.5 

Current treatment for cervical cancer can yield cures in 80% to 
90% of women with early stage I and II cervical cancer and 60% 
in stage II. However, the prognosis for women with advanced 
or recurrent cervical cancer remains poor.6 More recently, the 
development of targeted therapies that selectively target specific 
molecular pathways involved in tumorigenesis may lead to oth-
er major advances in the management of cervical cancer. We 
review the literature behind current and emerging therapies in 
advanced and recurrent cervical cancer and their role in clinical 
practice. 

The Effect of Chemotherapy in Cervical Cancer 
For the vast majority of patients with recurrent or metastatic dis-
ease, chemotherapy has represented the only treatment option. 
However, it is important to remember that in patients with lim-
ited metastatic disease in the para-aortic nodes, central pelvic 
recurrences, or solitary lung metastasis, long-term survival can 
be achieved with surgical resection and\or radiation therapy.5-12

Several chemotherapy agents have activity in previously un-
treated advanced cervical cancer. Traditionally, cisplatin has 
been considered the most active drug.13 Other agents with docu-
mented activity include ifosfamide, paclitaxel, topotecan, irino-
tecan, capecitabine, and pemetrexed.14-19 Current evidence sug-
gests that platinum-based combination regimens may be more 
effective. The combination of cisplatin and paclitaxel yields a 
higher response rate and improved progression free survival 
(PFS) compared with single-agent cisplatin but does not improve 
overall survival (OS).20 However, there are potential benefits 
to quality of life. The combination of cisplatin and topotecan 
compared with single-agent cisplatin showed an improvement in 
overall response rate (ORR), PFS, and OS.21 On the other hand, 
the toxicities were significant, with 78% of patients in the study 
requiring unanticipated hospital admissions for supportive care 
and management of toxicities.17 

The efficacy of 4 platinum-based doublets was evaluated in 
a large randomized trial.22 Patients were randomly assigned to 
cisplatin in combination with either paclitaxel, vinorelbine, 
gemcitabine, or topotecan. This study reported that vinorelbine, 
gemcitabine, and topotecan were not superior to paclitaxel in 
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terms of OS, although a trend in response rate (RR), PFS, and 
OS favored paclitaxel.

Due to its more favorable toxicity profile, the combination 
of carboplatin plus paclitaxel could be a reasonable alternative 
to paclitaxel. In an unpublished phase 3 randomized trial, 253 
women with recurrent or metastatic cervical cancer were treated 
with paclitaxel or carboplatin and paclitaxel.23 Overall no sig-
nificant differences were observed in PFS (6.9 months vs 6.21 
months; hazard ratio [HR], 1.04; 95% CI, 0.80-1.35) or OS (18.3 
months vs 17.5; HR, 0.99; 90% CI, 0.79-1.25; noninferiority 
P = .032). Paclitaxel was associated with more febrile neutropenia 
(16% vs 7.3%), grades 2 through 4 nausea and vomiting (36.8% 
vs 23%), and increased serum creatinine grades 2 through 4 
(9.6% vs 4.8%). Carboplatin and paclitaxel was associated with 
more arthralgias (22.2% vs 11.2%), myalgias (16.7% vs 7.2%), 
motor neuropathy (8% vs 4%), and sensory neuropathy (27% 
vs 14.4%). It should be noted though, that in women not previ-
ously treated with cisplatin, carboplatin plus paclitaxel resulted 
in a much lower median OS compared with the standard dou-
blet of cisplatin and paclitaxel (13 vs 23 months; HR, 1.57; 95% 
CI, 1.06-2.32; P = .838). Therefore, in platinum-naïve patients, a 
cisplatin-based regimen is still the preferred treatment of choice 
with a superior response rate compared to carboplatin. The re-
sults of these studies are summarized in Table 1.

Treatment options after first-line platinum-based therapy are 
limited. Many chemotherapy agents and several targeted agents 
have been evaluated, but in general have limited activity. Topo-
tecan, vinorelbine, and pemetrexed are among the most active 

agents, while docetaxel, gemcitabine, vinorelbine, erlotinib, 
cetuximab, sunitinib, lapatinib, and pazopanib were found to 
have minimal activity.24-33 The results of these studies are sum-
marized in Table 2.

Novel Agents
Bevacizumab
The most promising experimental therapy to date in cervical can-
cer is targeting angiogenesis to block the growth of nutrient-sup-
plying blood vessels in cancerous tumors with the vascular en-
dothelial growth factor (VEGF) inhibitor bevacizumab. A phase 
2 multicenter trial evaluating single-agent bevacizumab therapy 
among women with persistent or recurrent squamous cell carci-
noma of the cervix was reported.34 Study participants consisted 
of 46 patients with measurable disease who had been treated 
with no more than 1 or 2 non–cisplatin-based cytotoxic regi-
mens or any prior cisplatin-based chemotherapy, and had good 
performance status, with adequate hematologic, renal, hepatic, 
and coagulation function. The median age was 46 years. Most 
patients were Caucasian (69.6%). Almost half (47.8%) had a Gy-
necologic Oncology Group (GOG) performance status of 0. The 
most common histology (93.5%) was squamous cell carcinoma. 
All patients had at least 1 prior chemotherapy regimen. The ma-
jority of the patients had prior radiation (82.6%) and prior hys-
terectomy (56.5%). The median duration of response was 6.21 
months (range, 2.83 to 8.28 months). The median PFS and OS 
times were 3.40 months (95% CI, 2.53-4.53 months) and 7.29 
months (95% CI, 6.11-10.41 months), respectively. Five patients 

Table 1. Phase 3 Randomized Trials of Frontline Therapy for Advanced Cervical Cancer

GC indicates gemcitabine/cisplatin; NS, not stated; ORR, objective response rate; OS, overall survival; PC, paclitaxel/cisplatin; PFS, pro-
gression-free survival; TC, topotecan/cisplatin; VC, vinorelbine/cisplatin.

Author Treatment N ORR 
(%)

PFS
(months)

P OS
(months)

P

Miller26 Cisplatin

PC

134

130

19

36

2.8

4.8

<.001 8.8

9.7

NS

Long21 Cisplatin

Topotecan/Cisplatin

146

147

13

27

2.9

4.6

.014 6.5

9.4

.021

Monk22 PC

VC

GC

TC

103

108

112

111

29.1

25.9

22.3

23.4

5.82

3.98

4.7

4.57

.06

.04

.19

12.87

9.99

10.28

10.25

.71

.90

.89

Tewari37 Chemotherapy

Chemotherapy/Bevacizumab

225

227

36

48

5.9

8.2

.002 13.3

17.0

.004

Kitagawa23 PC

Carboplatin/Paclitaxel 

121

123 

-

-

6.9

6.21

          .053 18.3

17.5

.032
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(10.9%) had partial responses. Grade 3 or 4 adverse events (AEs) 
included hypertension (n = 7), thromboembolism (n = 5), gastro-
intestinal (n = 4), anemia (n = 2), other cardiovascular (n = 2), 
vaginal bleeding (n = 1), neutropenia (n = 1), and fistula (n = 1). One 
death occurred due to infection. The study suggested that the 
activity of single-agent bevacizumab compared favorably with cy-
totoxic chemotherapy drugs. 

Bevacizumab in Combination With Chemotherapy
Since 2006, small studies have suggested that the combination 
of bevacizumab and chemotherapy was highly active in advanced 
cervical cancer.35,36 However, the most significant and prac-
tice-changing study for the management of advanced cervical 
cancer was recently reported by the GOG. In protocol GOG 
240, women diagnosed with recurrent, persistent, or metastatic 
cervical cancer who had no prior chemotherapy except for che-
motherapy used concurrently with radiation therapy for locally 
advanced nonmetastatic disease, were enrolled into a phase 3 
randomized study.37 A total of 452 women were enrolled into a 
factorial 2 × 2 design study where approximately half the patients 
received topotecan with paclitaxel and the other half received 
cisplatin and paclitaxel. Additionally, about half of the patients 
in each of these treatment groups received bevacizumab with 
their chemotherapy. The addition of bevacizumab to combina-
tion chemotherapy was associated with an improvement of 3.7 
months in median OS (Table 1). The difference in OS translated 
into an HR for death of 0.71 in favor of the addition of bevaci-
zumab (P = .004). Response rates were 48% with bevacizumab 
and 36% with chemotherapy alone (P = .008). There was signifi-

cantly more toxicity in patients who received bevaci-
zumab. However, this represented the usual toxicities 
associated with bevacizumab. Grade 2+ hypertension 
was seen in 29% of patients versus 2% in those who 
received chemotherapy alone. Grade 3+ thromboem-
bolic events occurred in 8% of bevacizumab-treated 
patients and 1% of patients who received only chemo-
therapy. Grade 3+ gastrointestinal fistula occurred in 
3% of the bevacizumab group but in none of the pa-
tients who received chemotherapy without bevacizum-
ab. Despite the toxicities, the addition of bevacizumab 
showed acceptable safety, and patients did not report 
a statistically significant decrease in patient-reported 
quality of life. As a secondary outcome in the study, 
topotecan-paclitaxel did not outperform cisplatin-pa-
clitaxel, even among patients with prior exposure to 
cisplatin. The study did not distinguish the differenc-
es in toxicity profile between the combination chemo-
therapy regimens. However based on previous trials, it 
is expected that the use of topotecan-paclitaxel causes 
more fatigue, leukopenia, and neutropenia, and sig-
nificantly more thrombocytopenia and anemia com-
pared with cisplatin-paclitaxel.23

Emerging Therapies
As mentioned, except for bevacizumab, the role of other targeted 
therapies in cervical cancer so far remains undetermined. How-
ever, it is important to remember that these trials have typically 
been conducted in a nonenriched patient population. In terms 
of chemotherapy agents, there has been renewed interest in the 
potential role of fluoropyrimidines. Several trials have reported 
modest activity for single-agent capecitabine.18,38,39 Recently en-
couraging activity was reported in a phase 2 study with S-1.40 

S-1 is an oral fluoropyrimidine consisting of tegafur, a prodrug 
of 5-fluorouracil, gimeracil, an inhibitor of dihydropyrimidine 
dehydrogenase, which degrades fluorouracil, and oteracil, which 
inhibits the phosphorylation of fluorouracil in the gastrointes-
tinal tract, thereby reducing the gastrointestinal toxic effects of 
fluorouracil. In this study, 36 patients received a median of 4 
cycles with an ORR of 30.6%. The median time to progression 
and the median survival time were 5.2 and 15.4 months, respec-
tively. These promising results have led to a randomized phase 
3 study evaluating the efficacy and safety of S-1 with cisplatin 
versus single-agent cisplatin in patients with stage IVB, recurrent, 
or persistent carcinoma of the cervix.41

Immunotherapy
There have been significant advances in the past several years 
with regard to immunotherapy for cancer, beginning a new era 
of research in oncology. By identifying T cells that target cervi-
cal cancer HPV oncoproteins, and enriching for and expanding 

Table 2. Second-Line Therapy for Advanced Cervical Cancer

NS indicates not stated; OS, overall survival; ORR, objective response rate; 
PFS, progression-free survival.

Author Agent N ORR 
(%)

PFS
(months)

OS
(months)

Bookman24 Topotecan 45 12.5 2.1 6.6

Muggia25 Vinorelbine 44 13.7 NS NS

Miller26 Pemetrexed 29 15 3.1 7.4

Lorusso27 Pemetrexed 43 13.9 10 weeks 35 weeks

Garcia28 Docetaxel 27 8.7 3.8 7.0

Schilder29 Gemcitabine 22 4.5 2.1 6.5

Mackay30 Sunitinib 19 0 3.5 NS

Monk31 Lapatinib

Pazopanib

78

74

5

9

17.1 weeks

18.1 weeks

39.1 weeks

50.7 weeks

Schilder32 Erlotinib 28 0 1.87 4.96

Santin33 Cetuximab 38 0 1.97 6.7

Monk34 Bevacizumab 46 10.9 3.4 7.29
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these T cells ex vivo, efforts are being made to attack cervical 
tumors that have not been immunologically targeted before. The 
hope is that immunotherapy and adoptive T-cell therapy can in-
duce regression of cervical cancer. 

A novel study investigated use of human papillomavirus-tar-
geted tumor-infiltrating lymphocyte therapy.42 In this ongoing 
study, T cells were harvested from tumor tissue and cultured. 
The cultures were then tested for HPV viral protein E6 and E7 
reactivity. The most reactive cultures were selected for infusion 
and then expanded. Billions of these expanded T cells were then 
infused into the patient. Nine patients have received tumor-in-
filtrating lymphocytes. One patient achieved partial response 
and 2 patients achieved a complete response. These complete 
responses were still ongoing at 22 months and 15 months after 
treatment. Most common toxicities included grade 3 and 4 mye-
losuppression, neutropenia, fever, and diarrhea. This study pro-
vided preliminary encouraging results, and completion of this 
study is eagerly awaited. 

Another promising agent in development is live attenuated 
Listeria monocytogenes-based immunotherapy (ADXs11-01). 
ADXS11-001 is a drug that is designed to create a Th-1 type im-
munologic response, generating CD8+ T cells that target HPV-
E7-transformed cells while simultaneously suppressing the im-
munologic tolerance within the lesions.43 In a recent phase 2 
study of ADXS11-001 in the treatment of persistent or recurrent 
cervical cancer, patients previously treated with chemotherapy, 
radiotherapy, or both were randomized to either 3 or 4 dosages 
of ADXS11-001 with cisplatin.44 In the study, 18-month survival 
was 28% and 12-month survival was 36%. There was an 11% 
ORR, with an average duration of 10.5 months after 1 cycle of 
ADXS11-001. Prior therapy, baseline performance status, and 
the addition of cisplatin had no effect on survival or response. 
Current studies are needed to optimize the dosage and inclu-
sion of multiple cycles with other agents to determine whether 
ADX11-001 can be used as an active agent against recurrent cer-
vical cancer. 

Based on these results, other immunotherapies such as 
nivolumab and ipilimumab are currently being evaluated in 
phase 2 trials.45-48 Nivolumab and ipilimumab are monoclonal 
antibodies that target and block 2 different receptors that nega-
tively regulate T-cell activation (PD-1 and CTLA-4, respectively), 
impacting the tumor’s defense against the immune system and 
boosting the immune system’s ability to fight the tumor. Inhi-
bition leads to compromised activation and suppressed effector 
functions such as proliferation, cytokine secretion, and tumor 
cell lysis that block “immune checkpoints.” 

Discussion
The results of the GOG 240 were encouraging and resulted in 
improved oncologic outcomes, suggesting that the use of bevaci-
zumab in combination with chemotherapy may become the stan-

dard of care for recurrent, advanced, or metastatic cervical can-
cer. As a consequence of this study, bevacizumab was approved 
by the FDA for use in cervical cancer in August 2014. 

Additional studies are needed to determine whether bevaci-
zumab is beneficial in combination with second-line chemother-
apies or in patients with less advanced disease. Recently, Schefter 
et al published the complete results of RTOG 0417, exploring 
the safety and efficacy of the addition of bevacizumab to chemo-
radiation therapy.49 This phase 2 study showed that treatment 
was well tolerated and encouraging efficacy results were report-
ed. These results warrant further investigation regarding whether 
bevacizumab can be used in patients who are not chemotherapy 
naïve or have been diagnosed with earlier stage cancers. 

Despite the strong evidence suggesting improved OS in pa-
tients who receive bevacizumab in addition to combination che-
motherapy, there is a significant cost of bevacizumab that must 
be taken into account when providing treatment. The cost of 
chemotherapy plus bevacizumab may exceed $ 50,000. A cost-ef-
fectiveness decision model was recently published and reported 
that the cost of combined treatment was $53,784 compared with 
$5,688 for chemotherapy alone.50 Therefore, the 3.7 month OS 
advantage with chemotherapy and bevacizumab came at an in-
cremental cost-effectiveness ratio of $155K per quality-adjusted 
life year, which approaches common cost-effectiveness standards. 
Moderately discounting the cost of bevacizumab or using a lower 
dose significantly affects its affordability.

The role of immunotherapy is a promising and exciting new 
area of research that can potentially lead to further advance-
ments in the treatment of locally advanced, recurrent, or met-
astatic cervical cancer. Development of the immune checkpoint 
blockade PD-1 and CTLA-4 inhibitors has shown promise and 
will need to be further studied as a means to achieve a durable 
response in cervical cancer. 
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Myron S. Czuczman, MD

The latest Annual Meeting and Exposition of the American So-
ciety of Hematology (ASH), held from December 6-9, 2014, in 
San Francisco, included many updates on studies that we had 
received preliminary data on in the past, as well as additional 
information on different therapeutics, including interesting data 
on some of the novel targeted agents. Presented here are some of 
the lymphoma findings from the conference, arranged by malig-
nancy subtype. (The February issue of The American Journal of He-
matology/Oncology will feature an update on leukemia abstracts 
presented at ASH.)

Diffuse Large B-Cell Lymphoma
Diffuse large B-cell lymphoma (DLBCL) is an aggressive form of 
lymphoma with 2 subtypes—germinal-center B cell (GCB) and 
non-GCB, or activated B cell (ABC), depending on whether 
the determination is made by immunohistochemistry or gene 
expression, respectively.. We already know that lenalidomide 
has demonstrated activity in DLBCL. A retrospective analysis 
showed that patients with the non-GCB subtype appeared to 
have a better response to lenalidomide monotherapy compared 
with patients with the GCB subtype.1 Therefore, a prospective, 
phase 2/3, multicenter, randomized study was initiated to com-
pare the efficacy and safety of lenalidomide as a single agent ver-
sus investigator’s choice (gemcitabine, rituximab, etoposide, or 
oxaliplatin monotherapy) in relapsed/refractory DLBCL (study 
DLC-001).2

With 25 patients in each major subgroup (GCB or non-GCB) 
either receiving lenalidomide or investigator’s choice, the most 
pronounced clinical benefit was observed in patients with the 
ABC subtype with single-agent lenalidomide. Unfortunately, the 

lenalidomide activity was just short of what we wanted to see in 
order to proceed with clinical development, and so this trial did 
not proceed from phase 2 to phase 3. What this showed, how-
ever, was that there is a signal for improvement in the relapsed 
setting with lenalidomide in the ABC phenotype.2 Also, perhaps 
in the future, lenalidomide combined with other agents that 
are active in relapsed/refractory ABC DLBCL will be evaluated 
to determine if the combinations will result in improved ther-
apeutic outcomes. In addition, lenalidomide is currently being 
studied prospectively in combination with R-CHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine, and prednisone) 
in several trials in patients with ABC DLBCL in the upfront 
setting. 

Even though CD30 is the target for brentuximab vedotin 
(SGN-35), past data have shown that the drug may be active in 
some patients despite undetectable surface CD30 expression (as 
measured by immunohistochemistry).3 Preliminary results from 
a phase 2 trial of brentuximab vedotin monotherapy for patients 
with DLBCL with undetectable CD30 were also reported. One 
dose of brentuximab vedotin was administered every 3 weeks 
until progression or intolerability. Of the 51 patients enrolled, 
the overall response rate (ORR) was 31%, including 10% of 
patients who achieved complete response (CR). Unfortunately 
though, the median duration of response (DOR) was only 1.9 
months, and the median progression-free survival (PFS) was only 
1.4 months. There were no new toxicity data compared with pre-
vious historical results.4 Despite some activity, as a single agent it 
is limited based on these data, and so studies are currently being 
planned in CD30+ DLBCL utilizing brentuximab vedotin with 
other agents to improve antitumor activity. 

In order to determine whether changing the CD20 antibody 
could benefit patients receiving salvage therapy, a randomized 
phase 3 study of ofatumumab versus rituximab salvage chemo-
immunotherapy in relapsed/refractory DLBCL was performed 
in Europe. A total of 447 autologous stem cell transplant–eligi-
ble patients were randomized: 222 to ofatumumab (O)-DHAP 
(cisplatin, cytarabine, dexamethasone) and 225 to rituximab 
(R)-DHAP, in an attempt to improve PFS and outcomes after 
autologous stem cell transplant. Notably, no difference in effica-
cy was found between the ofatumumab or rituximab arms when 
combined with DHAP.5

Even though activity was described in these 3 abstracts in 
relapsed/refractory DLBCL, we still need to find either novel 
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agents or novel combinations that will help us improve outcomes 
in this patient population (especially in patients not cured with 
upfront therapy).

Follicular Lymphoma
Recent data demonstrated significant activity of the combina-
tion of lenalidomide plus rituximab in patients with relapsed/
refractory or newly diagnosed follicular indolent lymphoma 
(FL). In a European study in patients with untreated FL who 
were in need of therapy, 154 patients were randomized to rit-
uximab alone (typical dose and schedule) or to rituximab plus 
lenalidomide (R2), which was administered at 15 mg/day for a 
total of 19 weeks. The ORR in the combination arm was 81% 
versus just 61% in the rituximab-alone arm. The CR rate in the 
combination group was 36% compared with only 25% with rit-
uximab monotherapy, which was highly statistically significant.6 
Further follow-up will be needed because it is still early, but these 
findings support previous data showing that this combination is 
quite effective in patients with either FL or indolent lymphoma. 

Final results were presented from the maintenance part of 
the phase 1b GAUDI study of upfront/first-line obinutuzum-
ab (GA-101) plus CHOP or bendamustine in FL. Patients were 
randomized to either G (obinutuzumab)-CHOP (n = 41) or 
G-bendamustine (n = 40). Patients who responded then received 
obinutuzumab 1000 mg maintenance therapy (n = 72, 36 in each 
arm) every 3 months for 2 years or until progression of disease. 
The CR rates at the end of maintenance compared with after in-
duction appeared to improve somewhat. In addition, at the end 
of maintenance therapy, the CR rate in patients who received 
G-bendamustine induction was 60% and the CR rate in patients 
who received G-CHOP induction was 70%. Most patients were 
progression-free at 32 months of median follow-up. There were 
some cases of clinically relevant neutropenia (about 14% of pa-
tients who received G-bendamustine).7 These data have led to a 
phase 3 study (GALLIUM) being conducted now to further eval-
uate the difference between rituximab and obinutuzumab when 
we combine them with chemotherapeutic agents in untreated 
indolent lymphoma. 

Preliminary results of a phase 2 trial in FL of ibrutinib, an oral 
agent that inhibits Bruton’s tyrosine kinase (BTK), were present-
ed at this year’s meeting. Forty patients with relapsed/refracto-
ry FL received continuous dosing of ibrutinib 560 mg/day in 
28-day cycles until progression or intolerability. The ORR was 
28%, which included a 5% CR rate, revealing modest activity. 
The levels of activity seen with ibrutinib have been higher in re-
lapsed/refractory chronic lymphocytic leukemia (CLL) and man-
tle cell lymphoma (MCL) (for which the drug is already approved 
by the FDA). An interesting part of the current study, however, 
is that the response rate was higher (42%) in rituximab-sensi-
tive patients, but the response rate was only 6% in patients who 
were rituximab-refractory. It appears that these patients with rit-
uximab-refractory disease are more resistant to ibrutinib activity 
for some reason.8 Further research will be needed to clarify these 
results, along with research into combination therapies to deter-
mine the optimal utilization of ibrutinib-based therapy for FL. 

A phase 1 evaluation of duvelisib (IPI-145), which is an oral 

PI3 kinase-γ and -δ inhibitor, was conducted in patients with re-
lapsed/refractory indolent lymphoma. Of the 36 patients treated 
with duvelisib, which was safely dosed at 25 mg twice a day, most 
had FL. The safety profile was found to be acceptable, with most 
patients having only grade 1 or 2 toxicity. As is common with 
the PI3K-δ inhibitor idelalisib, transient increases were seen in 
the liver enzymes ALT and AST with duvelisib. Neutropenia or 
pneumonia was seen in about 11%, which were grade 3 or 4 in 
some patients.9 A total of 13 of 18 (72%) patients had objective 
responses. Of these 18, 6 (33%) achieved CR. The median PFS 
was not reached, but the observation time is still relatively short 
and so it will have to be monitored further.9 Additional phase 2 
and phase 3 studies evaluating this dose (25 mg twice daily) in 
patients with indolent lymphoma as monotherapy or in combi-
nation with rituximab are currently ongoing. 

Mature follow-up data from a phase 2 trial of idelalisib in heav-
ily pretreated patients (median of 4 prior therapies) with dou-
ble-refractory (to both rituximab and an alkylating agent) indo-
lent lymphoma were presented. A total of 126 patients received 
oral idelalisib 150 mg twice daily continuously until progression 
or intolerability. There was a 58% ORR out of 125 patients, with 
a 56% response in patients with FL and 61% in small lympho-
cytic lymphoma (SLL); responses were also seen in some of the 
small numbers of patients with marginal zone lymphoma (MZL) 
or lymphoplasmacytic lymphoma. The median DOR was found 
to be 12.5 months. The safety profile was similar to previous 
reports of idelalisib safety. Phase 3 trials of idelalisib in combi-
nation with rituximab or bendamustine plus rituximab are on-
going.10

In a small phase 1b study, 20 patients with relapsed or refrac-
tory grade 1, 2, or 3a FL were treated with a total of 8 fixed 
doses of obinutuzumab (GA-101) 1000 mg in combination with 
lenalidomide in cohorts from 10 to 25 mg for 6 cycles. The maxi-
mum tolerated dose (MTD) was not reached. The recommended 
lenalidomide dose was chosen to be 20 mg because there was 
more significant neutropenia between cycles 2 and 6 with 25 mg 
dosing. The combination was well tolerated overall. In the 19 
evaluable patients, there was a 63% ORR, which interestingly in-
cluded about 58% CRs.11 Currently, studies are assessing the ef-
ficacy of the 20-mg dose of lenalidomide plus the obinutuzumab 
schedule in patients with relapsed/refractory FL and in patients 
with relapsed/refractory aggressive lymphomas (including those 
with either DLBCL or MCL). 

Mantle Cell Lymphoma
Mature findings were revealed for a phase 2 study that was pre-
sented about a year ago of the biological doublet of lenalidomide 
plus rituximab as initial treatment for MCL. Patients received in-
duction therapy, and those who responded would also continue 
on the combination until progression of disease. These patients 
represented typical cases of MCL that were in need of initial 
therapy. No new toxicity was seen in the 38 treated patients, but 
patients did experience cytopenias, as is expected with lenalido-
mide therapy. Patients had evidence of grade 1 or 2 infections 
that responded to antibiotic therapy. Efficacy results in the in-
tent-to-treat (ITT) population were quite impressive: 84% ORR, 
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Table. Selected Lymphoma Abstracts: ASH 2014

Author/Abstract 
Number 

Comparison Results Overview

Diffuse Large B-Cell Lymphoma

Czuczman/6282 • R/R disease
• Single-agent lenalidomide vs IC 
• GCB subgroup (n = 50)
• Non-GCB/ABC subgroup (n = 50)

• Results suggest some enrichment of clinical benefit (PFS, 
OS) with single-agent lenalidomide in the non-GCB pop-
ulation; difference appears more pronounced in the ABC 
population

• Data did not meet prespecified criterion to advance to 
phase 3 trial 

Bartlett/6294 • Phase 2; pts with undetectable CD30; N = 51
• Brentuximab vedotin every 3 weeks

• ORR 31%, including 10% CR 
• Median DOR 1.9 months 
• Median PFS 1.4 months

Van Imhoff/6305 • Phase 3; R/R disease, autologous stem cell trans-
plant-eligible pts

• Ofatumumab-DHAP: n = 222
• Rituximab-DHAP: n = 225

• No difference in efficacy between the 2 treatment arms

Follicular Lymphoma

Kimby/7996 • R/R or newly diagnosed, untreated disease; N = 154
• Single-agent rituximab vs rituximab plus lenalidomide 

15 mg/day for 19 weeks

• ORR: 19% rituximab-lenalidomide vs 61% rituximab only 
• CR: 36% rituximab-lenalidomide vs 25% rituximab only 

Dyer/17437 • Phase 1b maintenance phase; first-line, follicular  
    non-Hodgkin lymphoma
• Obinutuzumab-CHOP: n = 41
• Obinutuzumab-bendamustine: n = 40
• Responding pts received obinutuzumab 1000 mg  
    maintenance every 3 months for 2 years or until  
    progression (n = 36 per arm)

At the end of maintenance therapy: 
• CR: 60% obinutuzumab-bendamustine vs 70% obinutuzum-

ab-CHOP
• Clinically-relevant neutropenia: approximately 14% in obinu-

tuzumab-bendamustine group

Bartlett/8008 • Phase 2, preliminary results; R/R disease 
• Ibrutinib 560 mg/day in 28 day cycles 
• N = 40

• ORR, 28%, including 5% CR
• Response rate: 42% in rituximab-sensitive pts vs 6% in 

rituximab-refractory pts

Flinn/8029 • Phase 1, R/R indolent lymphoma
• Duvelisib, safely dosed at 25 mg twice daily; 

n = 36

• ORR: 72%, including 33% CR 
• Median PFS: not reached 
• Transient increases in ALT and AST  
• Neutropenia or pneumonia: 11% (some grade 3 or 4)

Gopal/170810 • Phase 2 double-refractory indolent lymphoma 
• Idelalisib 150 mg twice daily

• ORR: 58%: 56% in FL; 61% in SLL 
• Median DOR: 12.5 months

Morschhauser/ 
445811

• Phase 1 b, R/R FL grade 1, 2, or 3a
• N = 19 evaluable pts
• Obinutuzumab,1000 mg; 8 fixed doses plus lenalido-

mide
• Cohorts from 10 mg to 25 mg for 6 cycles

• MTD: not reached 
• ORR; 63%, including 58% CR 
• Recommended lenalidomide dose chosen: 20 mg

Mantle Cell Lymphoma

Ruan/62512 • Phase 2 
• Lenalidomide plus rituximab as initial treatment

ITT population:  
• ORR: 84%, with 55% CR 
• Median time to PR: 3 months 
• Median time to CR: 11 months 
• 2-year PFS: 85%

Trneny/62613 • Phase 2; R/R disease 
• N = 254 
• Lenalidomide vs IC 
• Crossover to lenalidomide allowed on progression

• ORR: 40 % lenalidomide vs 11% IC 
• Median PFS: 9 months lenalidomide vs 5 months IC 
• Median DOR: 16 months lenalidomide vs 10 months IC 
• OS: 28 months lenalidomide vs 21 months IC

Wang/62714 • Phase 2; relapsed disease 
• Ibrutinib and rituximab; after 2 years, ibrutinib alone

• ORR: 68%, 40% CR 
• Proliferation or Ki-67 index <50% in MCL cells: ORR 100%  
• Ki-67 index ≥50%: ORR 50%
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with 55% of patients achieving CR. Of the 36 evaluable patients, 
the ORR was 89%, with a 58% CR rate. Notably, the 2-year PFS 
was 85%.12 This was the first study to show activity and the feasi-
bility of the combination of lenalidomide and rituximab as front-
line therapy for MCL. Patients with higher MCL International 
Prognostic Index (MIPI) scores or proliferation (or Ki-67) indices 
typically have lower response rates with other therapies. Inter-
estingly, in this study, patients with poor prognostic  scores had 
similar response rates to those of patients with better prognostic 
features. These data justify further evaluation of this combina-
tion, either by itself or maybe with the integration of other novel 

agents active in the treatment of patients with MCL.12

A phase 2, randomized, multicenter study (MCL-002) of lena-
lidomide versus best investigator’s choice in relapsed/refractory 
MCL was conducted in 254 patients. Patients received either sin-
gle-agent lenalidomide 25 mg/day on days 1 through 21 every 28 
days until progression or toxicity, or investigator’s choice (eg, cy-
tarabine, rituximab, gemcitabine, fludarabine, or chlorambucil). 
Patients who progressed on one of these agents were allowed to 
cross over to receive lenalidomide. The ORR with lenalidomide 
was 40% compared with only 11% with investigator’s choice, 
and median PFS was 9 months to approximately 5 months, re-

Table. Selected Lymphoma Abstracts: ASH 2014 (continued)

ABC indicates activated B cell; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; CLL, chronic lymphocytic leukemia; CR, 
complete response; DHAP, cisplatin, cytarabine, dexamethasone; DLBCL, diffuse large B-cell lymphoma; DOR, duration of response; FL, 
follicular lymphoma; GCB, germinal-center B cell; IC, investigator’s choice; ITT, intent to treat; MCL, mantle cell lymphoma; MRD, mini-
mal residual disease; MTD, maximum tolerated dose; OS, overall survival; ORR, overall response rate; PR, partial response; pts, patients; 
PFS, progression-free survival; R/R, relapsed refractory; SLL, small lymphocytic lymphoma.

Author/Abstract 
Number

Comparison Results Overview

T-Cell Lymphoma

Dupuis/50415 • Phase 1/2 trial; previously untreated PTCL; n = 18 in 
phase 1b; n =19 in phase 2

• Romidepsin plus CHOP

• ORR: 68%, including 51% CR
• Estimated 12-month PFS: 57%
• Estimated 12-month OS: 82%
• Significant hematologic toxicities, including grade 3 and 4 

events: grade 3/4 neutropenia and thrombocytopenia

Chronic Lymphocytic Leukemia

Zelenetz/198616 • Phase 2, previously untreated pts age ≥65 years with 
either CLL or SLL

• Idelalisib monotherapy

• ORR: 87%, consisting of 47% PR and 40% PR +  
lymphocytosis rate

O’Brien/32717 • Phase 2, open label, RESONATE™-17 trial; pts with R/R 
CLL/SLL with 17p deletion

• Ibrutinib 420 mg orally once daily

• ORR: 83% 
• 12-month PFS (median not yet reached): 80%

Sharman/33019 • Phase 3; relapsed CLL with 17p deletions and other 
adverse prognostic factors

• Idelalisib plus rituximab vs placebo plus rituximab

• PFS strongly favored idelalisib plus rituximab in all risk 
subgroups, including genetic risk factors (eg, 17p deletion), 
as well as disease-related risk factors (eg, Rai stage) 

Kovacs/2320 • Combined analysis of two phase 3 trials in CLL
• FC vs FCR; and FCR vs bendamustine + rituximab (545 

pts with MRD)

• MRD plus clinical response predicted PFS more accurately 
than clinical response alone

Novel Therapies

Lunning/80121 • Heavily pre-treated CLL and B-cell lymphoma
•	Ublituximab plus TGR-1202

•	CLL: ORR, approximately 67%
•	DLBCL: ORR, 43% (3 of 7 pts), 2 pts with CR

Armand/28922 •	R/R Hodgkin lymphoma
•	Nivolumab
•	N = 23

•	ORR: 87% (20 of 23 pts), including 17% CR
•	6-month PFS: 86%
•	Decrease in platelet counts: 20%
•	Diarrhea,  nausea, fatigue or fever: >10%

Lesokhin/29123 •	Phase 1 preliminary results
•	Various R/R disease, including FL or DLBCL, and T-cell 

lymphomas
•	Nivolumab

•	DLBCL: 36% (4 of 11 pts) achieved a response
•	FL: 40% (4 of 10 pts) achieved a response
•	Mycosis fungoides: 15% achieved a response (2 of 5 pts)
•	Multiple myeloma: 0% response (0 of 27 pts)

Moskowitz/29024 •	Phase 1b
•	Classical Hodgkin lymphoma after brentuximab vedotin 

failure
•	Pembrolizumab every 2 weeks for 6 cycles
•	N = 15

•	ORR: 53%
•	CR: 20%
•	PR: 33%
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spectively. The median DOR was improved with lenalidomide: 
16 months versus 10 months (with investigator’s choice). There 
was some improvement in overall survival (OS), with 28 versus 
21 months, keeping in mind some patients did cross over, which 
could confound these results. Since single-agent lenalidomide 
has already been FDA-approved for the treatment of patients 
with relapsed/refractory MCL, this is additional data demon-
strating definite antitumor activity in this patient population, 
marking its superiority over standard single-agent chemotherapy 
alone.13

Preliminary results from a phase 2 trial of the combination of 
ibrutinib and rituximab in patients with relapsed MCL were pre-
sented. Patients received ibrutinib 560 mg/day until progression 
or intolerability combined with rituximab 375 mg/m2 weekly × 
4 (cycle 1) and then 1 dose per cycle (cycles 3 through 8), and 
then 1 dose every other cycle for up to 2 years. After 2 years, 
ibrutinib was given as a single agent until progressive disease or 
intolerance. Definite efficacy of the combination was shown, 
with a 68% ORR and 40% of patients achieving CR. It was in-
teresting that patients with a proliferation (or Ki-67) index <50% 
in MCL cells benefited the most, with 34/34 (100%) patients 
responding. In patients with ≥50% Ki-67, ORR was only 50%. 
There were also more CRs in patients with lower Ki-67 scores. 
Therefore, Ki-67 could become a potential biological marker that 
could help inform us which patients may benefit most from this 
treatment combination.14

T-Cell Lymphoma
One of the more interesting lymphoma studies presented at 
ASH was of a histone deacetylase (HDAC) inhibitor called ro-
midepsin in combination with CHOP in patients with previous-
ly untreated peripheral T-cell lymphoma (PTCL). These are the 
final results of the phase 1/2 trial. A total of 18 patients were 
included in the phase 1b trial, with 19 in phase 2. Different dos-
ing cohorts of romidepsin were evaluated with standard CHOP. 
There was an ORR of 68% (24/35 evaluable patients), including 
a 51% CR rate. The estimated 12-month PFS was about 57%, 
and the estimated 12-month OS rate was 82%. Although this 
study demonstrated that romidepsin can be combined with 
CHOP, there were also significant hematologic toxicities report-
ed (including grade 3 and 4 events). The majority of patients 
experienced grade 3/4 neutropenia, and over one-third of the pa-
tients had grade 3/4 thrombocytopenia. A significant amount of 
growth factor was utilized for these patients. But considering that 
this population is often treated with standard CHOP therapy, 
the PFS improvement at least seems promising with this combi-
nation.15 A phase 3 study is now comparing CHOP alone versus 
the combination of romidepsin-CHOP.

Chronic Lymphocytic Leukemia
One abstract from ASH reported a phase 2 trial of idelalisib 
monotherapy, a PI3K-δ inhibitor, in previously untreated pa-
tients ≥65 years with either CLL or SLL. Idelalisib has been 
approved for use in the relapsed setting, but this study is inter-
esting because it shows definite activity in previously untreated 
patients. There was an 87% ORR rate in these treatment-naïve 

older patients, consisting of a 47% partial response (PR) rate and 
a 40% PR + lymphocytosis rate (ie, patients with evidence of lym-
phocytes circulating in the blood who still had a ≥50% shrink-
age of their adenopathy). As expected of single-agent idelalisib,  
peripheral lymphocytosis was increased early after initiating ther-
apy. The safety profile was similar to that seen with prior trials, 
and toxicity was tolerable.16

The open-label, phase 2 RESONATE™-17 trial investigated 
the safety and efficacy of ibrutinib in patients with relapsed/
refractory CLL/SLL with 17p deletion. This was the largest pro-
spective trial in this subpopulation, including 144 patients who 
had received 1 to 4 prior lines of therapy. Oral ibrutinib was 
given at the typical dosage of 420 mg orally once daily until ei-
ther unacceptable toxicity or disease progression. The ORR was 
83%. The median PFS and DOR were not reached from the 
short follow-up, but at 12 months, PFS was around 80%.17 This 
PFS was similar to the PFS seen in patients treated with fludar-
abine, cyclophosphamide, and rituximab (FCR) as combination 
upfront therapy in CLL.18 It should be noted that ibrutinib is 
also FDA-approved for patients with 17p deletion in the setting 
of newly diagnosed, previously untreated CLL.

A second interim analysis of a phase 3 study of idelalisib plus 
rituximab in relapsed CLL was available, showing efficacy anal-
yses in patients with 17p deletions and other adverse prognostic 
factors. This trial demonstrated that idelalisib has significant ac-
tivity in this population. Patients in this trial had similar efficacy 
with idelalisib plus rituximab in the presence or absence of high-
risk genomic abnormalities. Patients with, for example, a 17p 
deletion, achieved similar results as those with better prognostic 
factors, without new toxicity.19

One of the most important things about CLL to take home 
from this ASH meeting was that there appears to be potential 
value in measuring minimal residual disease (MRD) status as a 
CLL response evaluation. A combined analysis of 2 large phase 
3 trials (CLL-8 and CLL-10) of the German CLL Study Group 
looked at patients who had received fludarabine and cyclophos-
phamide (FC) versus FCR in one study or FCR treatment versus 
bendamustine and rituximab in the other. There were almost 
1400 patients at the outset, with 545 patients with MRD analy-
sis. MRD and clinical response were both strong predictors, but 
the best combination was getting MRD in combination with 
clinical response, which predicted PFS more accurately than just 
looking at clinical response. In other words, evaluating just CR 
or PR was not as meaningful as achieving a MRD state was (eg, 
MRD-negative CRs achieved a larger PFS than MRD-positive 
CRs).20

It was also interesting that splenomegaly as the sole abnormal-
ity at the end of the treatment response did not impact PFS in 
patients who were MRD-negative. In other words, these patients 
still had splenomegaly and were considered to have a clinical 
PR, but as long as the blood was completely cleared down to 
MRD, those patients actually did as well as patients who had 
achieved a clinical CR. The patients that will fare the best are 
ones who have both a decrease in the nodal disease and a clear-
ing of the blood of these abnormal CD19+, CD5+, CD23+ cells 
(the typical phenotype of CLL). We may be seeing more of this 
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evaluation in the future, possibly included as part of prospective 
trials, as not just the achievement of a clinical CR, but more so 
the “quality” of the CR (ie, MRD status) may actually be a very 
important end point in future CLL clinical trials.20

Novel Lymphoma Therapies
A new CD20 antibody, ublituximab, was combined with a novel, 
next-generation PI3K-δ inhibitor, TGR-1202 in heavily pretreat-
ed and high-risk CLL and B-cell lymphoma. Ublituximab, a sec-
ond-generation monoclonal antibody, binds to a unique CD20 
epitope compared with the other CD20 antibodies, such as ritux-
imab or ofatumumab. It is interesting that the PI3K-δ inhibitor, 
TGR-1202, is administered only once a day (800 mg), whereas 
patients treated with idelalisib typically receive it twice daily. Also 
of note is that there was no significant increase in liver enzymes 
with this combination, which is usually expected with PI3K-δ 
inhibition using idelalisib. It could be that this is secondary to 
its unique molecular structure; it will be interesting to see future 
updates. In CLL, the ORR was about 67%. The patient numbers 
were small; for example, in DLBCL there was a 43% ORR, but 
that was in only 3 out of 7 patients. But still, there appears to be 
a preliminary positive signal of activity, including 2 patients with 
DLBCL who achieved CR. There has been no liver toxicity to 
date in 87 patients treated with the PI3K-δ inhibitor.21

A tremendous amount of excitement has been generated by 
the so-called immune checkpoint inhibitors–in particular, inhib-
itors of the programmed death 1 (PD-1) receptor or programmed 
death ligand 1 (PD-L1). Many tumors actually have these ligands, 
and once the ligand binds to the PD-1 receptor on T cells, the 
activity of the T cell is downregulated. Therefore, if we can block 
the interaction between the PD-1 receptor and the PD-L1 ligand, 
the innate immune system will remain intact.

The PD-1 inhibitor nivolumab, which is a human IgG4 mono-
clonal antibody that blocks PD-1, has been studied in patients 
with relapsed/refractory Hodgkin lymphoma. Out of 23 pa-
tients, 20 responded, so the ORR was 87%, including a 17% 
CR rate and a 6-month PFS rate of 86%, which are remarkable 
numbers. There was some toxicity, the most common being rash, 
some decrease (20%) in platelet counts, and >10% of patients 
with either diarrhea, nausea, fatigue, or fever. But, in general, the 
agent was very well tolerated. These results are quite incredible 
in this heavily pretreated patient population, and it is amazing 
to have this kind of a single-agent response rate simply by be-
stowing the ability to allow the immune system to do its job. 
Based on these important results, the FDA granted nivolumab 
breakthrough status in relapsed classical Hodgkin lymphoma, 
and there is a large, multinational phase 2 trial of this therapy 
currently under way.22

In addition to Hodgkin lymphoma, preliminary results of a 
phase 1 study of nivolumab were also described in various re-
lapsed/refractory lymphoid malignancies, including B-cell lym-
phomas, either FL or DLBCL, or T-cell lymphomas–such as my-
cosis fungoides or PTCL–as well as a number of patients with 
multiple myeloma. Of the evaluable patients, 4 out of 11 (36%) 
patients with DLBCL achieved a response. Out of the 10 pa-
tients with FL, responses were seen in 4 (40%). Roughly 15% of 

patients with mycosis fungoides and 40% with PTCL responded. 
It should be noted that 0 out of the 27 patients with multiple 
myeloma had an objective response to treatment with this novel 
agent. Additional multicenter, phase 2 trials are ongoing, in par-
ticular in DLBCL and FL.23

Another anti-PD-1 monoclonal antibody called pembroli-
zumab was studied in a phase 1b trial in patients with classical 
Hodgkin lymphoma after brentuximab vedotin failure. Patients 
(N = 15) received pembrolizumab every 2 weeks for 6 cycles of 
treatment. Re-staging was demonstrated at week 12 with a 53% 
ORR, 20% CRs, and 33% PRs. Again, it is very exciting that, by 
not allowing the PD-L1 ligand to bind to the PD-1 receptor and 
suppress T cell activity, we can allow the T cells to do the job that 
they were born to do.24

Conclusion
At ASH, we were exposed to updated data for existing treatments 
and exciting data with investigational combinations utilized to 
treat various lymphoid neoplasms. In addition, new data were re-
vealed on some of the novel targeted agents, in particular check-
point inhibitors, which harness the potential of not blocking 
the body’s immune system to fight cancer, a strategy which has 
demonstrated very exciting preliminary results in hematologic 
malignancies, as well as recently in solid tumors.
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Overview

The panel is structured using the Medical Crossfire platform, 
which is based on an engaging discussion among faculty that 
address treatment choices, provocative questions, and challeng-
es in the clinic. This activity is designed to aid physicians in 
assessing the wealth of new data, choosing treatment based 
upon patient and tumor characteristics, and applying those find-
ings to their practices.
 
Target Audience

This activity is directed toward medical oncologists and he-
matologists who treat patients with solid tumors and hema-
tologic malignancies.  Fellows, nurses, physician assistants, 
nurse practitioners, and other healthcare providers may also 
participate.

Learning Objectives

After participating in this CME activity, learners should be better 
prepared to:
1. Choose treatment based on patient characteristics, such as 

presence of brain metastases
2. Manage toxicities of targeted and immune therapies
3. Evaluate emerging clinical data regarding new agents and 

evolving strategies

Accreditation/Credit Designation

Physicians’ Education Resource®, LLC, is accredited by the Ac-
creditation Council for Continuing Medical Education to provide 
continuing medical education for physicians.

Physicians’ Education Resource®, LLC, designates this enduring 
material for a maximum of 1.0 AMA PRA Category 1 CreditTM. 
Physicians should claim only the credit commensurate with the 
extent of their participation in the activity.

No commercial support was received for this CME-certified 
activity. This activity was funded entirely by PER®.
 

Instructions for Participation/How to Receive AMA PRA 
Category 1 CreditTM

1. Read the article in its entirety.
2. Use the QR Code or type 
http://www.gotoper.com/LINK/131 into 
your Web browser to access the 
posttest.
3. Complete and pass the posttest with 
a score of 70% or higher.
4. Complete the evaluation and request 
for credit. Participants may immediately 
download a CME certificate upon suc-
cessful completion of these steps. 

Off-Label Disclosure and Disclaimer

This CME activity may or may not discuss investigational, 
unapproved, or off-label use of drugs. Participants are advised 
to consult prescribing information for any products discussed. 
The information provided in this CME activity is for continuing 
medical education purposes only, and is not meant to substitute 
for the independent medical judgment of a physician relative to 
diagnostic and treatment options for a specific patient’s medical 
condition.

Disclaimer
The opinions expressed in the content are solely those of the 
individual faculty members and do not reflect those of PER®.

Contact information for 
questions about the activity:
Physicians’ Education Resource®, LLC
666 Plainsboro Road, Suite 356
Plainsboro, NJ 08536
Phone: (888) 949-0045
E-mail: info@gotoper.com

Recently, several melanoma experts convened in Dallas to discuss clinical issues important to community oncologists when treating 
patients with melanoma. They were Jeffrey Weber, MD, PhD, senior member and director of the Donald A. Adam Comprehensive 
Melanoma Research Center at Moffitt Cancer Center in Tampa, Florida; Adil Daud, MD, professor in the Department of Medicine at 
the University of California, San Francisco Medical Center, and also at the Helen Diller Comprehensive Cancer Center in San Fran-
cisco; Ragini Kudchadkar, MD, assistant professor at Winship Cancer Institute of Emory University School of Medicine in Atlanta, 
Georgia; and Mario Sznol, MD, professor of Medicine at Yale School of Medicine and co-director of SPORE in Skin Cancer at Yale 
Cancer Center in New Haven, Connecticut. 

During their discussion, these experts focused on some of the most common clinical challenges associated with treating patients 
with metastatic melanoma. Patients with metastatic melanoma used to have few treatment options, but in the past several years, 5 new 
agents have been introduced into the care of these patients, including new immunotherapies, BRAF inhibitors, and a MEK inhibitor. 
Although these therapies have provided much-needed treatment options, their existence has also created a number of practical chal-
lenges that directly impact patient management, including who should receive these agents, how to sequence them, if they should be 
provided in combination with one another, and how to manage their associated toxicities. The following is a discussion of these and 
other relevant melanoma topics by Drs Weber, Daud, Kudchadkar, and Sznol.
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Treatment of Patients With Brain Metastases
Dr Weber: We’ll begin our time today by discussing the treat-
ment of brain metastases in patients with melanoma. These pa-
tients represent one of the most challenging populations of mel-
anoma patients, due to the inability of most conventional agents 
to cross the blood-brain barrier. Ragi, which of the new agents 
are being utilized in this difficult-to-treat population?

Dr Kudchadkar: When we see patients with brain metastases, 
it creates new challenges for us, both in how to utilize standard 
therapies, like surgery and radiation, and systemic therapies. It’s 
very clear that the BRAF inhibitors, both vemurafenib and dab-
rafenib as well as dabrafenib/trametinib combination therapy, 
have activity in the brain. Ipilimumab has also established re-
sponses in the brain. There are fewer data on the response rates 
in the central nervous system of the PD-1 antibodies nivolumab 
and pembrolizumab.

The response rates in general for systemic therapies in the 
brain are approximately 20% to 30%, depending on how you 
measure response. Patients with brain metastases are always chal-
lenging because they are often receiving steroid therapy, which 
contraindicates the use of immunotherapies like ipilimumab 
and nivolumab. However, I think other systemic therapies are 
great options for patients with brain metastases who have high 
systemic disease burden outside the brain. This is especially true 
when the brain metastases are so small—in the millimeter range—
as is becoming common with surveillance MRIs. 

Dr Weber: Are there circumstances in which you would dispense 
with radiation and simply treat a patient with brain metastases by 
using systemic therapy alone?

Dr Kudchadkar: I think the role of whole-brain radiation is rap-
idly diminishing because its toxicities have become more evident 
as our patients live longer. I think patients with a high burden of 
systemic disease and a very low burden in the brain can be con-
sidered for systemic therapy alone. Also, utilizing stereotactic ra-
diation and surgery for solitary or symptomatic brain metastases 
rather than whole-brain radiation allows us to use more systemic 
therapy earlier in the course of these patients.

Dr Weber: Adil, are there scenarios in which you’ve had success 
using ipilimumab in patients with brain metastases? 

Dr Daud: We’ve had some patients with amazing responses to 
ipilimumab. I have 1 patient with multiple brain metastases who 
was treated with ipilimumab 3 years ago. She subsequently devel-

oped hypophysitis and has been on chronic steroid replacement 
therapy, but she’s still free of disease both systemically and in the 
brain. However, I wouldn’t say response rates are higher in the 
brain. I think responses to systemic agents are in the 10% to 30% 
range, and these rates tend to be lower in the brain.

Dr Weber: Mario, have you treated patients who have brain 
metastases with BRAF or BRAF/MEK inhibitors and achieved 
long-term survival?

Dr Sznol: No, but that’s not because it can’t occur. We’re very 
aggressive treating metastatic disease in the brain upfront with 
Gamma Knife radiation. We have not yet tried to treat these pa-
tients with targeted agents or immunotherapy alone. However, 
one exception is an ongoing clinical trial of pembrolizumab in 
patients with active brain metastases. 

Dr Daud: I also can’t say that with targeted agents alone I’ve seen 
long-term responses in patients with multiple brain metastases 
—not without using stereotactic radiation as well.

Dr Kudchadkar: I’ve had patients on trials who have had re-
sponses in the brain, but they haven’t been long term. We use 
systemic agents primarily to reduce disease burden and get pa-
tients off steroid therapy, which opens more options for systemic 
therapy.

Dr Weber: I’ve had the best experience with patients who receive 
either ipilimumab or PD-1 antibodies, but I always radiate the 
disease first and then administer the immunotherapy because I 
believe that destroying the local tumor might produce immuno-
logic priming. There is evidence of this in the pivotal ipilimumab 
020 trial. In that trial, the 11% of patients who had previously 
radiated brain metastases had outcomes as good as those without 
brain metastases, suggesting that simply by radiating the brain 
metastases, the immune system is somehow primed to more suc-
cessfully control the disease in the brain. 

Dr Sznol: In the absence of a clinical trial, I do things differently, 
starting with ipilimumab, and then later giving the stereotactic 
radiation. When giving stereotactic radiation first, I worry about 
a couple of things: patients receiving Gamma Knife radiation 
can develop late radiation necrosis, which is very difficult to 
differentiate from metastatic disease. In addition, some patients 
can develop substantial neurologic complications from the va-
sogenic edema related to radiation necrosis. We have surgically 
removed very large lesions that have turned out to be purely ra-
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diation necrosis. We have also started seeing MRI reports of new 
metastatic lesions in the brains of patients treated 2 years earlier 
with Gamma Knife radiation. These lesions are often just areas 
of recurrent enhancement and radiation necrosis in the previ-
ously treated area. When following them over time, sometimes 
that enhancement disappears without any additional treatment. 

The other phenomenon we’ve seen is in patients previously 
treated with immunotherapy who develop new brain metastases. 
If they don’t have significant edema and the lesions are small, 
we sometimes simply follow the disease, particularly if they had 
responded systemically to the immunotherapy. In these patients, 
just like with pseudo-progression in the body, we sometimes see 
those lesions disappear. 

Dr Kudchadkar: We have had a very similar experience at Em-
ory with development of radiation necrosis 6 months or a year 
after systemic therapy. We recently had a patient who we thought 
had developed tumor progression more than 1 year after radia-
tion therapy, but after surgically removing the tumor, we found 
it was only radiation necrosis. 

Dr Sznol: I think it is very important to emphasize that radiation 
necrosis may not develop all at the same time. Lesions can start 
to show more vasogenic edema or appear to progress months 
apart from one another. 

Using Combination Therapy for Patients With BRAF-Mutat-
ed Metastatic Melanoma
Dr Weber: Let’s move on to our next topic, which is combina-
tion therapy for patients with BRAF-mutated disease. This topic 
is of great interest, thanks to the recent ESMO meeting in which 
3 pivotal trials testing 2 different combination regimens were 
presented (Table 1). Results from one of these trials, COMBI-d, 
has already been published in The New England Journal of Medi-
cine.1 In the COMBI-d study, patients were randomly allocated to 
receive either dabrafenib plus trametinib, the BRAF/MEK inhi-
bition combination, or dabrafenib alone, which is now approved 
as monotherapy for metastatic disease. Results of this large phase 

3 study showed that progression-free survival (PFS), the primary 
end point, was clearly greater for the combination than for the 
single-agent dabrafenib. The difference in median PFS was pretty 
modest (9.3 months vs 8.8 months), but the PFS hazard ratio was 
0.75, and response rate was also superior for the combination 
therapy (67% vs 51%). Because this was a crossover study, the 
overall survival (OS) data were modest but significant, with a 
hazard ratio of 0.63 (P =.02). Not surprisingly, the squamous cell 
cancer incidence was reduced from 9% with dabrafenib alone to 
2% with the combination. In contrast, the incidence of severe 
fevers was increased, from 2% with monotherapy to 6% with the 
combination therapy. Overall, the investigators concluded that 
the toxicity of both arms was a wash, and I think we all agree that 
COMBI-d was a successful study. 

Another study presented at ESMO 2014 was the COMBI-v 
study. In this large randomized study, 704 patients were random-
ly allocated to either dabrafenib/trametinib or the then-standard 
single-agent vemurafenib. The primary end point was OS, with a 
planned interim analysis after half of the death events occurred. 
This study was stopped at the time of interim analysis because of 
its clearly positive results. Response rate was significantly better 
for the combination regimen (64% vs 51%; P <.001), and the OS 
hazard ratio of 0.69 favored the combination arm (P =.005), stop-
ping the study because the P value crossed the predetermined 
boundary.2 Median survival for the vemurafenib arm was a pretty 
favorable 17.2 months; median survival of the combination arm 
has not yet been reached, but back-of-the-napkin calculations 
suggest that it will be approximately 2 years, which is consistent 
with survival for dabrafenib/trametinib in phase 2 studies. Me-
dian PFS for the combination was 11.4 months compared with 
7.3 months for vemurafenib alone, with a hazard ratio of 0.56 
(P <.001).

Finally, the last ESMO 2014 trial was coBRIM, another large, 
definitive, randomized melanoma study. This time, vemurafenib 
was combined with a novel MEK inhibitor, cobimetinib, and 
compared with vemurafenib alone. The primary end point was 
PFS, and the investigators projected that the addition of cobime-
tinib would improve median PFS from 6 months to 11 months. 

Table 1.  Primary Outcomes of Three Phase 3 Combination Trials in Metastatic Melanoma1-3

HR indicates hazard ratio; NR, not reached; OS, overall survival; PFS, progression-free survival.

Study Name/ Trial Number Study Design Primary Outcome HR P Value

COMBI-d/ NCT01584648 Dabrafenib/trametinib vs dabrafenib PFS: median, 9.3 vs 8.8 months 0.75 .03

COMBI-v/ NCT01597908 Dabrafenib/trametinib vs vemurafenib OS: median, NR vs 17.2 months 0.69 .005

coBRIM/ NCT01689519 Vemurafenib + cobimetinib vs vemurafenib PFS: median, 6.0 vs 11.3 months 0.60 .0003
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In this trial, as with the other combination trials, combination 
therapy reduced the skin toxicity seen with vemurafenib alone 
but other toxicities showed an increase, primarily cardiac issues 
and serous retinopathy.3 The difference in response rate was 
striking, with 68% for the combination regimen versus 45% 
for vemurafenib. Just as investigators predicted, median PFS im-
proved from exactly 6 months with single-agent vemurafenib to 
11.3 months for vemurafenib/cobimetinib. The hazard ratio was 
0.60 (P =.0003). Despite the crossover design of this study and 
its relatively short follow-up, there was a significant difference in 
OS, with a hazard ratio of 0.65 (P =.046). 

Adil, do you think the data from these 3 combination trials 
will have a major impact on clinical practice in the community?

Dr Daud: Yes, I do. I personally have difficulty coming up with 
a patient to whom I wouldn’t give combination therapy. Perhaps 
someone who has congestive heart failure or a history of glauco-
ma, but I don’t think I’ve treated anyone with a BRAF inhibitor 
alone in the last couple of years.  

Dr Weber: So, Ragi, how are you going to choose between dab-
rafenib/trametinib and vemurafenib/cobimetinib when the 
seemingly inevitable approval for that latter combination comes 
through?

Dr Kudchadkar: That’s going to be a difficult choice, but I think 
it will be decided on toxicity profile. Dabrafenib/trametinib pro-
duces more fevers, which can be difficult for patients because 
they get shaking chills and feel terrible. However, vemurafenib/ 
cobimetinib appears to cause more photosensitivity reactions, so 
it’s a trade-off. 

Another reason to choose one combination over the other is 
reimbursement, but any such differences between the combina-
tions will not be apparent for some time. 

Another issue that came up in one of my patients was the im-
portance of pill size. Vemurafenib is given as 4 large pills, which 
are challenging to swallow. One of my patients had a Zenker’s 
diverticulum, making it difficult to swallow pills, so dabrafenib/
trametinib was a better choice for him because he could swallow 
the smaller pills.

Managing Toxicities of Targeted and Immune Therapies
Dr Weber: Let’s turn our attention to our last topic, managing 
the toxicities associated with these novel agents. Mario, what are 
some of the most common toxicities associated with the new im-
munotherapies, like ipilimumab and pembrolizumab, and how 
do you manage them?

Dr Sznol: Clinicians have extensive experience with ipilimum-

ab, whose primary toxicities are autoimmune-related, specifi-
cally rash, colitis or enteritis, elevations of liver function tests, 
and endocrinopathies that include hypophysitis, thyroiditis, or 
adrenalitis (Table 2). The most dangerous of these is colitis be-
cause if it is not controlled, patients can get very sick, develop 
a bowel perforation, lose their bowel, or even die as a result. 
The hypophysitis is probably the next most difficult toxicity to 
manage. Patients present feeling tired, a little confused, possibly 
with a frontal headache. Often, you can make the diagnosis over 
the phone because the symptoms are so characteristic. To man-
age this, you need to draw the right hormone blood studies and 
start them on low-dose prednisone, and possibly also on thyroid 
hormones. For colitis, hepatitis, and sometimes rash, steroids 
are the primary mode of treatment, but for patients resistant to 
steroids, second-line immune-suppressive agents like infliximab 
can be used. With all of these toxicities, there are standard al-
gorithms in place for their management, and once you become 
accustomed to them, they’re fairly straightforward to manage.

Dr Weber: Mario, you have a lot of experience at your institu-
tion with combination checkpoint protein inhibition, particular-
ly nivolumab and ipilimumab. Do you find that these toxicities 
are more difficult to manage? Is it a different spectrum?

Dr Sznol: It’s not a different spectrum, but the toxicities are defi-
nitely more frequent and some are more resistant to steroids, 
forcing the use of either higher doses of steroids or second-line 
immune-suppressive agents. Clinicians really need to keep on 
top of toxicities when you use this combination. For instance, 
patients who initially respond to steroids may become refractory 
very quickly. Also, some patients will develop multiple autoim-
mune toxicities, sometimes across multiple organ systems. How-
ever, again, with close monitoring of these patients and good 
communication between the patient and your staff, these toxic-
ities can be managed very easily in the vast majority of patients. 
One other point about this combination is that many of the 
grade 3/4 adverse events are laboratory abnormalities, such as 
lipase, amylase, and hepatic function elevations. The significance 
of lipase and amylase elevations is unclear. Obviously, liver func-
tion test abnormalities have to be managed with steroids or, in 
some cases, mycophenolate.

Dr Weber: What kinds of toxicities do you see with targeted 
agents like the BRAF or MEK inhibitors? Which toxicities are 
most common, and how do you manage them?

Dr Sznol: Well, the one that we most frequently deal with are 
the fevers related to dabrafenib and trametinib. It’s important 
not to underestimate the potential severity of these fevers. Some 
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patients feel very sick, and occasionally a patient will get admit-
ted to the hospital with hypotension. We always try to rule out 
infection. Sometimes fevers “burn out” when treatment is repeat-
edly stopped and restarted. The other toxicities seem to be easy 
to manage in these patients. 

Dr Daud: Fevers are incredibly common, with over 60% of pa-
tients on combination therapy developing some type of fever. 
However, stopping and restarting dabrafenib/trametinib is an 
effective way to manage fevers in our hands. Patients should 
hold both drugs the first time they get a fever and not restart 
until 24 hours after the fever has subsided. The most common 

mistake is that patients don’t stop treatment and instead add 
agents like acetaminophen or ibuprofen. In that case, patients 
can develop very resistant fevers that persist for days or even 
weeks. However, if they stop and restart treatment, most pa-
tients won’t have more than a couple of episodes of fevers, and 
very few will have 4 or more episodes.

Dr Weber: Ragi, do you usually use methylprednisolone to 
manage fever, or do you just hold the drugs?

Dr Kudchadkar: We usually hold the drugs. The first time 
someone has a fever, we always do a basic infectious workup, 
including chest x-ray, urinalysis, and other basic tests, just to 
make sure we’re not missing anything. It’s important to note 
that dose reductions are not effective at managing fevers. Both 
drugs should be held 3 to 5 days, and then restarted at full 
doses once fever resolves. Some patients will periodically get 
fevers every few weeks. I have patients who can feel a fever com-
ing on, and they will simply hold the drugs and have a treat-
ment holiday. For the small group of patients with refractory, 
persistent fevers, very-low-dose steroids, such as prednisone 10 
mg/day or even 10 mg every other day, can provide effective 
management. 

Dr Weber: Mario, what are the side effects you worry most 
about, aside from the fevers? 

Dr Sznol: Aside from fevers, we haven’t seen terrible adverse 
events. There are arthralgias. The squamous cell carcinomas 
with single-agent therapy are not major problems; we simply 
surgically remove them. Single-agent dabrafenib, trametinib, 
or vemurafenib can result in an increase in secondary cancers 
because of the paradoxical activation of CRAF kinase. Howev-
er, with combination therapy, I’m not certain there is a corre-
sponding increase. 

Dr Weber: In all of the combination studies presented at 
ESMO 2014, the noncutaneous secondary malignancy rates 

were equal between arms. However, the head-and-neck cancers, 
colon cancers—although rare—still scare me because they can be 
devastating. Mario, what worries you most about managing im-
munotherapeutic toxicities?

Dr Sznol: Severe colitis and enteritis are probably the most dif-
ficult to manage. If you use these agents frequently enough, you 
will see a whole spectrum of autoimmune toxicities that go be-
yond rash, colitis, endocrinopathies, and hepatitis. We’ve seen 
ascending paralysis, which we managed with IVIg [intravenously 
administered immunoglobulin] and steroids, severe pneumoni-
tis, hematologic toxicities, and even severe arthralgias requiring 

Table 2.  Immune-Related Adverse Events Reported in the 
Ipilimumab-Alone Arm of the Phase 3 MDX-010-020 Trial4

AE indicates adverse event.

Immune-Related AEs Study Design

Total AEs
n (%)

Grade 3/4 AEs
n (%)

Any immune-related event 80 (61.1%) 19 (14.5%)

Dermatologic 57 (43.5%) 2 (1.5%)

   Pruritus 32 (24.4%) 0

   Rash 25 (19.1%) 1 (0.8%)

   Vitiligo 3 (2.3%) 0

Gastrointestinal 38 (29.0%) 10 (7.6%)

   Diarrhea 36 (27.5%) 6 (4.6%)

   Colitis 10 (7.6%) 7 (5.3%)

Endocrine 10 (7.6%) 5 (3.8%)

   Hypothyroidism 2 (1.5%) 0

   Hypopituitarism 3 (2.3%) 2 (1.5%)

   Hypophysitis 2 (1.5%) 2 (1.5%)

Adrenal insufficiency 2 (1.5%) 0

   Increase in serum thyrotropin    
   level

1 (0.8%) 0

   Decrease in serum    
   corticotropin level

2 (1.5%) 1 (0.8%)

Hepatic 5 (3.8%) 0

   Increase in alanine    
   aminotransferase

2 (1.5%) 0

   Increase in aspartate 
   aminotransferase

1 (0.8%) 0

   Hepatitis 1 (0.8%) 0

Other 6 (4.6%) 3 (2.3%)
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steroid therapy. Those toxicities are rare, but you need to be cau-
tious because adverse events can occur in almost any organ. 

Dr Weber: I’d absolutely agree with you. The colitis scares me 
the most, followed by the neurologic toxicities. The pneumoni-
tis, thankfully, is rare, as are the neurologic and kidney toxicities. 
The main message, however, is that the vast majority of patients 
on drugs like pembrolizumab or nivolumab go through treat-
ment with a pretty modest if not minimal level of side effects.

In closing, I’d like to thank each of the panel members for 
sharing your expertise with us today. Perhaps we can get a clinical 
pearl from each of you, something that the community oncolo-
gist can use right away in caring for their patients with melano-
ma.

Dr Daud: I would suggest that community oncologists familiar-
ize themselves with either the dabrafenib/trametinib or vemu-
rafenib/cobimetinib combination. That can then be used as a 
go-to regimen because the data look so similar for each of these 
combinations.

Dr Kudchadkar: I’d like to emphasize the importance of having 
specialists lined up who are interested in and familiar with these 
drugs. These include a dermatologist for skin-related toxicities 
and squamous cell carcinoma, an endocrine doctor for pituitary 
and endocrine disorders, and even a neurologist for some of the 
rarer toxicities. Having a plan for these patients upfront, especial-
ly when you’re not in an academic environment with specialists 
down the hall from you, can be helpful in managing any toxici-
ties that develop. 

Dr Sznol: I’d like to remind community oncologists to consider 
clinical trials for their melanoma patients. Some patients obvi-
ously can’t be referred for clinical trials because of their comor-
bidities, performance status, or geographic location. However, 
clinical trials are still crucial to the future advancement of mel-
anoma therapies. We’ve made so many improvements, but we 
haven’t hit 100% cure rates yet. Some of the new investigational 
agents may get us closer to that goal. Therefore, in addition to 
managing patients with the currently available drugs, I would 
strongly recommend considering a clinical study for those pa-
tients who are eligible.
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of  topics related to the Journal’s mission. Authors should write for 
a sophisticated general audience and recognize that many of  The 
American Journal of  Hematology/Oncology readers are not researchers. In 
addition to evaluating articles for scientific merit, the editors will also 
assess the overall relevance of  the work to the journal’s audience. 

If  you are uncertain of  an article’s appropriateness for The Ameri-
can Journal of  Hematology/Oncology, we encourage authors to send an 
abstract or outline of  an article to the Editorial Office (dpine@ajho.
com) to facilitate a pre-submission review with the Editor-in-Chief.

Submissions generally fall into one of  the following categories: (1) 
original research; (2) reviews; or (3) editorials or perspectives. 

Original research articles should employ a clear hypothesis-driven 
research question and an appropriate research design and analysis 
to report clinically relevant outcomes. Articles should be 2000-
2500 words (excluding abstract, references, tables, etc) and contain 
no more than 5 graphic elements. Supplemental data (extra tables, 
figures, or appendices) will be made available on the journal’s website 
at the time of  publication. Authors should indicate what material is 
intended as Web-only content and include the appropriate reference 
or callout in the text to these Web-exclusive elements.
Reviews should provide concise, up-to-date reviews of  novel 
therapies and treatment strategies or other clinically relevant over-
views. Authors should present real-world examples and discussion 
of  the inherent challenges of  incorporating new therapeutics, new 
treatment strategies, and new diagnostic tools into clinical practice. 
Articles should be 1500 to 2000 words with at least 1 graphic ele-
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ment to illustrate a key concept. The journal’s graphic design staff  
is available to develop original figures based on a sketch provided by 
authors. Types of  review articles are as follows:
•	 State-of-the-Art Update: Reviews of  the evidence support-

ing recent key developments in the treatment of  cancer, with 
a particular focus on information essential and applicable to 
clinical practice. Please illustrate key points with tables and/
or figures (assistance is available from the journal staff  for the 
development of  figures). 

•	 On the Horizon: Reviews of  translational research, therapies, 
and technology that are in development but that clinicians will 
need to be aware of  within the next few years. If  applicable, 
please illustrate key points with figures (assistance is available 
from the journal staff) and provide relevant citations.

•	 Emerging Guidelines: Highlights of  the key points of  the 
most recent clinical practice guidelines, with expert perspec-
tives/opinions on the changes to the guidelines. This can be 
1000 words or less, without a figure. 

Editorials and perspectives can employ several formats that 
provide concise and lively discussions on timely and relevant topics. 
These would typically involve areas of  rapid change, controversy, or 
new areas that have the potential for major future clinical impact in 
oncology.  These should be brief  (less than 1500 words) with appro-
priate citations. Examples include:
•	 Clinical Controversies: Opinion pieces that discuss relevant 

and controversial issues in oncology (eg, maintenance rituximab 
and its role in indolent lymphoma, should DCIS be considered 
a cancer, when to intervene or start chemotherapy in prostate 
cancer, what is the quality of  life impact of  PFS vs OS im-
provements, etc). In some cases, two authors would contribute 
opposing but coordinated (pro/con, or point/counterpoint) 
pieces.

•	 Looking Forward: New areas of  research or clinical care that 
are not well known to many oncologists, but may in the future 
impact cancer care or research directions. This perspective 
would be a “thought piece” without significant amounts of  data 
or citations.

•	 Brief  Reports: Brief  and topical perspectives and updates on 
new concepts, treatments,  and diagnostic assays (less than 1000 
words)

•	 Pivotal Trials: Summaries of  clinical trials of  interest. Should 
include the background/rationale, eligibility, treatment schema, 
contact information, and NCT link (up to 1000 words)

•	 New Technologies: Discussions of  imaging and tissue-based 
technologies, genomics, bioinformatics, etc (up to 1000 words)

•	 Meeting Updates: Summaries of  presentations at key CME 
meetings, conferences, and congresses, with expert perspectives 
on the reported findings (please query the editorial team first to 
avoid duplication of  coverage of  meetings)

•	 Case Reports: Unusual cases, situations, exceptional respond-
ers, including histology and imaging

•	 Survivorship: Discussions of  survivorship topics and symp-

tom management (1000-1500 words)
•	 Allied Health/Care Extenders: Discussions of  how to best 

use a team approach; this can be a case report format—eg, 
discussion of  how an individual team met and overcame a 
challenge or streamlined a process to improve patient care using 
allied health professionals/care extenders (1000-1500 words). 
The journal’s editors encourage allied health professionals on 
the oncology care team to author or co-author these articles

•	 Pharmacology Updates: Brief  overview of  new drugs—
mechanisms, dosing, side effects, drug interactions (1000-1500 
words). These could be contributed by a pharmacist or a Phar-
mD and may have the look of  a write-up typical of  a Pharmacy 
& Therapeutics Committee formulary application.

•	 Oncology Practice Issues: Evolving aspects of  oncology 
practice such as insurance coverage, electronic medical records, 
quality assurance, accelerated drug approvals, survivorship, and 
patient education/communication that present new perspec-
tives and useful information to oncologists (1000-1500 words)

Authorship 
Only persons who have made a direct contribution to the content 
of  a paper should be listed as authors. The number of  authors listed 
with the manuscript should not exceed 10; more than 10 requires 
written justification and approval from the Editor-in-Chief. 

The American Journal of  Hematology/Oncology uses the criteria pro-
vided by the “Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals”1 to determine authorship. Each author should 
have participated sufficiently in the work to take public responsibility 
for the content. Authorship credit should be based only on sub-
stantial contributions to (a) conception and design, or analysis and 
interpretation of  data; and to (b) drafting the article or revising it 
critically for important intellectual content; and on (c) final approval 
of  the version to be published. Conditions (a), (b), and (c) must all 
be met.1 

Individuals who have contributed to a paper but who do not meet 
the criteria for authorship should be acknowledged. 
 
Disclosures 
It is our policy to have all authors disclose relationships with any 
commercial interest that may present a real or perceived conflict of  
interest if: (a) the relationship is financial and occurred within the 
past 12 months; and (b) the author discusses products or services of  
that commercial interest. Relevant financial relationships are those 
relationships in which the author (and/or the author’s spouse or 
partner) benefits in any dollar amount by receiving a salary, royalty, 
intellectual property rights, consulting fee, honoraria, ownership 
interest (eg, stocks, stock options, or other ownership interests, 
excluding diversified mutual funds), or other financial benefit. 
Financial benefits are usually associated with roles, such as employ-
ment, management position, independent contractor (including 
contracted research), consulting, speaking and teaching, membership 
on advisory committees or review panels, board membership, and/
or other activities for which remuneration is received or expected. 
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In addition, authors are required to report all financial and material 
support for their research, which includes (but is not limited to) 
grant support and funding sources and any provision of  equipment 
or supplies. To this end, all authors must read and sign the journal’s 
Author Disclosure Form.

The name of  the organization funding or initiating a research 
project should be made explicit on the title page (eg, “This study 
was funded by the XYZ Corporation.”). Relevant financial relation-
ships (whether direct to the authors or through a third party) for 
research and/or writing, including funding, grants, honoraria, etc, 
must also be named on the title page. If  the funding organization 
had any role in the collection of  data, its analysis and interpreta-
tion, and/or in the right to approve or disapprove publication 
of  the finished manuscript, this must be noted in the cover letter 
and described in the text. The editorial staff  may inquire further 
about financial disclosure after the manuscript is submitted. If  the 
manuscript is accepted for publication, disclosure statements will be 
printed as part of  the published paper.   
 
Manuscript Specifications 
Manuscript components (cover letter, text, tables, figures, related 
papers, etc) must be included as part of  the submission process. All 
manuscripts should include the following components:
Cover Letter: A cover letter must accompany each submission and 
include any background information about the submission (ie, how 
it contributes to the existing literature, whether any portion has 
been previously presented or published, etc) that would aid in the 
editors’ initial evaluation. Include a statement that the manuscript 
has been read and approved by all authors.
Titles. Titles should be concise (fewer than 10 words) and stimulate 
reader interest. Provide a brief  running title in addition to the main 
article title. 

The title page should include the following information:
•	the complete manuscript title and subtitle, if  any
•	the full names of  each author, followed by their highest aca-

demic degree
•	the name, address, telephone, fax, and e-mail information of  

the corresponding author
•	the institutional affiliations for each author at the time the 

work was completed
•	a concise summary of  the article to appear in the table of  

contents (no more than 25 words) 
•	practical application of  your work (a bulleted list that high-

lights the real-world impact of  your work)
•	indication of  the source of  funding (including grant numbers, 

grant agencies, corporations, or sponsors)
•	the number of  pages, references, figures, and tables
•	a word count (excluding references, tables, and figures) 

Abstract. An abstract is required for all manuscript submissions. 
The abstract should not exceed 250 words and should summarize 
the salient data and the principal conclusion of  the piece. 

Text. All text should be double-spaced, including the acknowledg-
ments, references, tables, and legends. Cite references, tables, and 
figures in sequential order in the body of  the paper. Measurements 
of  length, height, weight, and volume should be reported in metric 
units. Temperatures should be given in degrees Celsius. Blood pres-
sures should be listed in millimeters of  mercury. Except for units of  
measure, abbreviations are discouraged. 

Any abbreviation or acronym must be spelled out in full when it 
first appears in the text, followed by its abbreviation in parentheses. 
State the generic name (not the trade name) for all drugs.

Permissions: Data and/or figures reproduced from another pub-
lished source must be properly cited and acknowledged. Authors are 
required to obtain written permission from the appropriate author 
and/or copyright holder to reproduce previously published or copy-
righted material. Authors must also obtain permission from at least 
1 author when citing unpublished data, “in-press” articles, and/or 
personal communications. Copies of  permission statements should 
be included with manuscript submissions.

Acknowledgments. Include a list of  acknowledgments, if  ap-
propriate. Refer to the “Authorship” section for an explanation 
of  what constitutes authorship and for guidance in distinguishing 
contributions that warrant an acknowledgment. The corresponding 
author must affirm that he/she has received permission to list the 
individuals in the acknowledgment section (see bottom of  Author-
ship Form).

References. Begin the reference section on a new page and double-
space both within and between reference citations. Number refer-
ences sequentially in the order cited in the text—do not alphabetize. 
Provide the names of  all authors when there are six or fewer; if  
there are more than six authors, list only the first three authors fol-
lowed by “et al.” All references must be verified by the authors and 
should conform to the AMA Manual of  Style.2 

     References cited only in table or figure legends should be num-
bered in accordance with the sequence established by the first men-
tion of  the particular table or figure in the text.

References to papers accepted but not yet published should 
be designated as “in press” and included in the reference section. 
Information from manuscripts submitted but not accepted should 
be cited in the text as “unpublished observations” with written 
permission from the source. (Include copies of  any “in press” and 
“submitted” manuscripts [ie, papers under consideration at other 
journals] for the editors’ evaluation as part of  your submission.)

Avoid citing “personal communication” unless it provides es-
sential information not available from a public source, in which 
case the name of  the person, his or her degree, and the date of  
communication should be cited in parentheses in the text. Authors 
should obtain written permission and confirmation of  accuracy 
from the source of  a personal communication (see “Permissions” 
section). Note the format and punctuation in the following sample 
references:
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1. Cortes JE, Kim DW, Kantarjian HM, et al. Bosutinib versus 
imatinib in newly diagnosed chronic-phase chronic myeloid leuke-
mia: results from the BELA trial [published online September 4, 
2012]. J Clin Oncol. 2012;30(28):3486-3492.
2. Wierda WG, O’Brien S. Chronic lymphoblastic leukemia. In: 
DeVita VT Jr, Lawrence TS, Rosenberg SA, eds. DeVita, Hellman, 
and Rosenberg’s Cancer: Principles & Practice of  Oncology, 9th ed. Philadel-
phia: Lippincott Williams & Wilkins; 2011.
3. American Cancer Society. Cancer Facts and Figures 2012. 
http://www.cancer.org/acs/groups/content/@epidemiology-
surveilance/documents/document/acspc-031941.pdf  Accessed 
October 5, 2012. 

Graphic Elements. Use of  graphic elements is strongly encour-
aged, and The American Journal of  Hematology/Oncology will print up 
to 5 graphic elements. All supplemental data (eg, appendices and 
lengthy tables) will be posted on the journal’s website at the time 
of  publication. Authors should indicate what material is intended 
for web-exclusive content and include the appropriate reference or 
callout in the text to these web-exclusive elements. 

Tables. Place each table on a new page. Number tables sequen-
tially in the order they are cited in the text. Include a title for each 
table. Special characters, abbreviations, and symbols must be 
explained in a footnote to the table.

Figures. The journal’s production team is available to create 
figures from sketches provided by the authors. Avoid the use of  
shading in bar graphs or pie charts—use color or crosshatch pat-
terns instead. Number all figures in the order they are mentioned 
in the text. Any previously published figures must be accompanied 
by written permission from the publisher and/or copyright holder 
(see “Permissions” section).

Legends. Legends should be double-spaced and include the fig-
ure number and a brief  description of  the illustration. Identify all 
abbreviations used in the figure at the end of  each legend.

Peer Review 
Each manuscript is sent to the Editor-in-Chief  for an internal evalu-
ation to determine its appropriateness. Manuscripts that do not meet 
the journal’s criteria for overall appropriateness, relevance, original-
ity, and scientific merit will be returned promptly (usually within 2 
weeks) so that authors may pursue alternate avenues for publication. 
Although reviewer selection is ultimately the decision of  the editors, 
authors may provide the names and e-mail information of  preferred 
and nonpreferred peer reviewers. Manuscripts deemed appropriate 
for The American Journal of  Hematology/Oncology will be sent to external 
peer reviewers. Typically, a manuscript will be sent to a minimum of  
two reviewers who will be asked to provide feedback on the scien-
tific merit of  the paper. 
   The Editorial Office contacts reviewers in advance and asks them 
to complete their evaluation of  a manuscript within two weeks. 
Reviewers are asked to treat manuscripts as confidential communica-

tions and not to share their content with anyone (except colleagues 
whom they ask in confidence to assist in reviewing) or to use the 
content for their own purposes. We do not send a manuscript to 
a reviewer who is affiliated with the same institution as any of  the 
authors and we ask reviewers to declare any potential conflicts of  
interest, such as personal ties to an organization with a vested inter-
est in the topic of  the manuscript.   
 
Editorial Decisions 
We judge manuscripts on the interest and importance of  the topic, 
the intellectual and scientific strength, the clarity of  the presentation, 
and relevance to our readers. We also consider the strength of  the 
paper compared with other papers under review and the number of  
accepted and previously published papers in the paper’s category. 
Authors of  original research and review articles should take pains to 
describe exactly how their findings add to the existing literature.

The Editorial Office is committed to providing prompt process-
ing times and to communicating timely decisions to authors. While 
the Editorial Office makes every effort to notify authors and keep 
them informed of  any delays, most authors can expect a first deci-
sion on their manuscript in approximately 4 to 6 weeks. 

We communicate editorial decisions on acceptance or rejection 
only to the corresponding author. Almost all papers that we accept 
require some editorial revision before publication.

Accepted Papers 
Page proofs (PDFs) are e-mailed to the corresponding author before 
publication. Authors can expect to receive proofs approximately 3 to 
4 weeks before the scheduled issue date. All proofs must be returned 
to the Editorial Office within 48 hours.
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