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Tim Hunt, and Paul Nurse was associated with identifying this bi-
ology in normal cells. For some time now, it’s also been identified 
that dysregulation of the cell cycle is a hallmark of cancer, and 
this concept has been pursued aggressively as a new treatment 
modality in different malignancies. In breast cancer specifically, 
a disease that is driven by growth factors such as estrogen, it 
has been identified that these growth factors signal through the 
cyclin-D1, CDK-retinoblastoma (Rb) pathway. It is the interaction 
between cyclin-D and CDK4/6 that’s responsible for driving the 
hyperphosphorylation of Rb and then allowing for the transition 
from G1 to S phase and further cell cycle progression. 
 In the context of breast cancer, there’s been interest in target-
ing this pathway, ie, the CDK-Rb pathway, as not only estrogen 
receptor but other growth factor/pathway such as the epidermal 
growth factor (EGF) pathway, the HER2 pathway, and other 
receptor tyrosine kinases, as well as intracellular kinases such as 
phosphoinositide 3-(PI3)-kinase and mitogen-activated protein 
(MAP) kinase, signal through it.  
 One of the big moves toward [their] clinical development in 
breast cancer came from laboratory work that was done at UCLA 
in collaboration with Pfizer.9 Dennis Slamon and myself and 
others, collaborating with Pfizer, did a preclinical evaluation with 
a compound, which at the time was known as PD-0332991, which 
was an early compound designed to specifically inhibit just  
CDK4/6. In preclinical evaluation without any specific precon-
ceived notion of what subtype of breast cancer this drug might 
work in, we showed that this compound really had preferential ac-
tivity in ER-positive breast cancer cell lines and also in HER2-pos-
itive cells lines. This was in contrast to those that would be of the 
non-luminal or basal/triple-negative 
 When you look back, there are certain observations in ER-pos-
itive breast cancer, molecularly, that are underpinnings for this 
observation. They appear to have an intact CDK-RB pathway, and 
therefore blocking that pathway has a growth inhibitory effect in 
these models. Then, we showed that this compound performed 
synergistically with the anti-estrogen tamoxifen in vitro. Based on 
that synergy, we designed a phase I/II clinical study that eventual-
ly became known as PALOMA-1.8,10 There are now other CDK4/6 
inhibitors in development, ribociclib and abemaciclib, which are 
also following along in the development plan of palbociclib based 
on these early observations. 

Moderator: Clinical trials utilizing CDK4/6 inhibitors in breast 
cancer are focused on HR/ER-positive breast cancer. What is the 
reason for focusing on this population? 
Dr Finn: Breast cancer is not one disease; molecularly, it’s a 
very diverse disease. However, in the clinic, we still approach 
it as three diseases, which are HER2-positive, ER-positive, or 
triple-negative. The backbone of treatment for each of those 
subtypes is HER2-directed therapy, endocrine therapy, or che-
motherapy, respectively. The preclinical data pointed us toward 

this ER-positive subset and also demonstrated the synergy with 
anti-estrogens, which really set the stage to test this laboratory 
hypothesis in the clinic. I said before, in retrospect maybe, you 
could have hypothesized that ER-positive breast cancer would be a 
group that might benefit because the incidence of RB loss, a like-
ly resistance marker to CDK4/6 targeted agents, for example, is 
very uncommon. Also, Rb loss is more common in triple negative 
breast cancer which explains why these drugs are not likely to be 
very effective there. 
 In addition, we know that estrogen signaling and several of the 
hypothesized mechanisms of resistance to estrogen signaling—such 
as increased peptide growth factor signaling or receptor tyrosine 
kinase activation, which could mediate estrogen resistance, also 
commonly converge on the CDK4/6 pathway. So, [there were] 
several pieces of evidence that suggested that this would be a 
group of patients that may benefit from this approach. And put 
together, ultimately, these pieces of evidence paved the path for 
clinical testing of CDK4/6 inhibitors in this specific population.

Moderator: What, in your opinion, were some of the reasons 
that the first-generation CDK inhibitors never took off despite 
acceptable preclinical study data? 
Dr Finn: As I mentioned earlier, the biology behind cell cycle 
regulation control has been known for some time, and it is not a 
very big step to say, in cancer, [that] this pathway is dysregulated. 
Therefore, if we target the proteins that regulate the cell cycle or 
loss of cell cycle control, then maybe that would be an appro-
priate way to treat cancer.  This is what led to the development 
of the first-generation CDK inhibitors. The first generation or 
earlier CDK inhibitors tended to be pan-CDK; they were not 
very specific. And, in doing so, they were also associated with 
what looked to be cytotoxicity, meaning they did not differenti-
ate themselves much from a chemotherapy effect and had broad 
preclinical activity. They were non-selective against cancer cells 
versus normal cells, and that became very apparent in clinical 
development in that dose-escalation studies were difficult because 
of toxicity. 
    In addition, the earlier compounds did not have the best phar-
macokinetic properties and were somewhat disappointing. They 
never really demonstrated significant clinical activity and really 
had no specific direction of where to go in the clinic with respect 
to patient selection. These factors drove the interest in identifying 
compounds that target specific CDKs in hopes that these would 
be more effective and less toxic and have more on-target tumor 
effects than off-target toxic effects or effects on the normal tissue.

Moderator: Recent approval of palbociclib in Europe was based 
on data from the landmark PALOMA-110, PALOMA-25, and 
PALOMA-311 trials. Would you be able to share with us a brief 
overview of the findings from these studies that led to its approval 
in HR-positive/HER2-negative locally advanced or metastatic 
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breast cancer? 
Dr Finn: The success of palbociclib and other CDK4/6 inhib-
itors in ER-positive/HER2-negative breast cancer is really the 
result of a rational clinical development program. They grew out 
of the preclinical findings we discussed earlier that identified 
that targeting CDK4/6 with palbociclib looked to be an effective 
approach to targeting ER-positive/HER2-negative breast cancer. 
There was synergy and blocking cell growth in the laboratory 
when palbociclib was combined with anti-estrogen. We showed 
that blocking CDK4/6 with palbociclib also had some ability to 
reverse resistance in models of acquired endocrine resistance.  
 With these data, the PALOMA-1/TRIO-18 study was launched, 
as a phase I/II study, around 2009, with the idea that we could 
test this laboratory hypothesis. That study accrued 165 patients 
after a small phase I study of 12 patients. This 165-patient phase 
II study randomized patients between letrozole alone and palbo-
ciclib and letrozole in an open-label-, randomized phase II study. 
The results of that study were quite phenomenal in regards to the 
magnitude of benefit we saw with the combination. That is to say, 
the progression-free survival (PFS) went from about 10 months in 
the control arm to just over 20 months with the combination. 
 Certainly, this improvement in PFS always needs to be bal-
anced against side effects. And, in reality, the side effect profile 
was very predictable. The most common adverse events (AEs) 
seen were neutropenia or leukopenia, with a fairly high incidence 
of grade 3, some grade 4 events. Typically, this neutropenia could 
be managed with dose delays, dose reductions, or interruptions. 
In this trial, there were no reported cases of neutropenic fever (fe-
brile neutropenia). Palbociclib was dosed 3 weeks on, 1 week off, 
whereas letrozole was dosed continuously. The drug appears to be 
otherwise well tolerated. Other side effects tend to be fairly-low 
grade, grade 1 or grade 2 at the most. 
 What was also remarkable [was] that this degree of benefit 
with palbociclib and letrozole was pretty consistent across various 
clinical subgroups irrespective of age, performance status, number 
of visceral sites, and whether or not they had prior adjuvant 
therapy, chemotherapy, or endocrine therapy. I should mention 
the PALOMA-1 study was in the frontline setting and enrolled 
advanced breast cancer patients that had not received any therapy 
for their advanced disease, though prior adjuvant therapy was 
allowed. 
 Based on the results of PALOMA-1 trial, 2 large phase III stud-
ies were launched, one being PALOMA-2 which was essentially 
the same population; first-line, ER-positive, HER2-negative ad-
vanced breast cancer. The other being PALOMA 3, in pre-treated 
patients in combination with fulvestrant. 
 PALOMA-2 had a similar study design except it was powered 
as a large phase III study (ie, enrolled 666 patients). Patients were 
randomized 2:1 to receive letrozole and palbociclib or letrozole 
and placebo with a primary endpoint of PFS and secondary end-
points [that included] overall survival, objective response, dura-

tion of response, and side effects. PALOMA-2 was a global study 
that was really designed to confirm the findings in PALOMA-1.  
 It should be noted that the FDA [and] other regulatory agencies 
approved the combination of palbociclib and letrozole based 
on the PALOMA-1 data. On February 3, 2015, the drug got 
accelerated FDA approval. PALOMA-2 was meant to confirm that 
finding and also serve for further global registration. 
 At the same time, PALOMA-3 was launched, and this was a 
study again based on the hypotheses from the laboratory that 
targeting CDK4/6 would reverse endocrine resistance and act 
synergistically with anti-endocrine approaches in ER-positive 
breast cancer. This study randomized women to fulvestrant and 
placebo versus fulvestrant and palbociclib. Similar to PALOMA-2, 
PALOMA-3 was also a large study that enrolled 574 women with 
HR positive/HER2 negative advanced metastatic BC who had 
had progression on an aromatase inhibitor, such as letrozole or 
anastrozole. Some of them also had chemotherapy in the front-
line setting. The patients were randomized 2:1 to palbociclib and 
fulvestrant or placebo and fulvestrant. The primary endpoint was 
PFS, and the secondary endpoints included overall survival, side 
effects, and response. 
 So, what’s played out over the course of the last year or so has 
been 2 positive phase III studies with palbociclib and letrozole, 
[the] PALOMA-2 and PALOMA-3 studies, both positive studies 
meeting their endpoints. All 3 PALOMA studies had a very 
similar side-effect profile. It was very predictable again in regards 
to neutropenia and leukopenia. In PALOMA-2, there was a small 
rate of neutropenic fever of about 1.8%, so under 2%. Taken 
together, all these data support the importance of targeting 
CDK4/6 in ER-positive breast cancer and support the global 
registration for palbociclib with both letrozole and fulvestrant in 
the given indications.

Moderator: [The] MONALEESA-2 trial16 showed significant 
slowing of disease progression with [the] addition of ribociclib to 
endocrine therapy. Would you share with us key findings from 
this study and its likely clinical implications? 
Dr Finn: The MONALEESA-2 study evaluated another CDK4/6 
inhibitor, ribociclib. This molecule, like palbociclib, is very po-
tent and selective for cyclin-dependent kinases 4 and 6 versus oth-
er CDKs and other kinases. MONALEESA-2 was a very similar 
study, in design, to PALOMA-1 and PALOMA-2, more specifical-
ly, as it was a large phase III study, randomizing women 1:1 with 
ribociclib and letrozole versus ribociclib and placebo. Ribociclib 
was dosed similarly to palbociclib in that it [was] given once daily 
3 weeks on, 1 week off. I think everybody was very gratified, but 
maybe not so surprised, to see the results of MONALEESA-2 in 
that it mimics very well the results of PALOMA-2. 
 MONALEESA-2 arguably was based on the early data with pal-
bociclib from PALOMA-1 and accrued 668 women to a prospec-
tive study in the frontline setting of postmenopausal ER-positive, 
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HER2-negative breast cancer. The hazard ratio in this study was 
0.56, which is remarkably similar to the hazard ratio of 0.58 seen 
with palbociclib. Study populations were generally similar, with one 
exception, in that the PALOMA-2 study enrolled women who had 
relapsed on adjuvant therapy—including prior endocrine therapy, as 
long as it had not been a nonsteroidal aromatase inhibitor (NSAI). 
Whereas, MONALEESA-2 excluded patients who relapsed on or 
within 12 months from completion of adjuvant therapy. 
 Based on these data, ribociclib was recently granted priority 
review by the US FDA as first-line treatment of postmenopausal 
women with HR-positive, HER2-negative advanced or metastatic 
breast cancer in combination with letrozole. These positive data 
clearly support the idea of CDK4/6 inhibitor combination thera-
py for ER-positive, HER2-negative breast cancer.

Moderator: Data from the MONARCH-1 trial20 showed good effi-
cacy of abemaciclib in refractory HR-positive, HER2-negative breast 
cancer. What were some of the key takeaways from this study? 
Dr Finn: The MONARCH-1 study was a large, single arm study 
looking at single agent abemaciclib in ER-positive, HER2-negative 
advanced breast cancer. These patients not only had advanced 
disease by staging but also were heavily pretreated. Abemaciclib, 
like ribociclib and palbociclib, is a very potent CDK4/6 inhibitor. 
Other early studies have demonstrated that its activity in breast 
cancer is consistent with the other compounds in regards to its 
selectivity for ER-positive, HER2-negative disease. There’s a large 
phase III program ongoing with abemaciclib as well as neoadju-
vant studies that are all aimed at confirming its potent activity in 
blocking CKD 4/6 and inducing cell cycle arrest in this popula-
tion whether as a single agent or in combination. 
 MONARCH-1 demonstrated a fair amount of single-agent activ-
ity for this class. Smaller studies with palbociclib have shown some 
activity, but really this is the largest single agent experience that’s 
been presented with a CDK4/6 inhibitor in this population.  
 This study comprised 132 patients who were treated with 
abemaciclib monotherapy. The results showed a modest overall re-
sponse rate of 19.7%, and the median PFS in this population was 
6.0 months and median OS was 17.7 months. Even though it’s a 
single-arm study, this is very provocative data suggesting that in a 
population that would otherwise be receiving chemotherapy, that 
[these are] comparable with those data in this setting, maybe even 
a little better.  
 It’s always hard to make conclusions on single-arm studies, al-
though it was a large study. The side effect profile of abemaciclib 
overlapped with those observed with other CDK4/6 inhibitors. 
It’s been argued that abemaciclib has a lower incidence of grade 3 
and 4 neutropenia and leukopenia, and perhaps that is because of 
its differential activity against CDK4 versus CDK6, where CDK6 
is more important maybe for bone marrow suppression, whereas 
CDK4 is more important for tumor suppression. This is a hypoth-
esis that is yet to be proven in the clinic.  

 Abemaciclib also has a little higher incidence of GI toxicity, 
specifically diarrhea. Again, all of these observations have been 
made in single arm phase II studies and we await larger data sets, 
especially randomized studies with abemaciclib both as single 
agent and in combination with endocrine therapy.

Moderator: What are some of the common AEs seen with  
CDK4/6 inhibitors in clinical trials? Are the AE profiles of abe-
maciclib, palbociclib, and ribociclib similar and comparable? 
Dr Finn: The most common side effects reported with CDK4/6 
inhibitors from clinical trials are neutropenia, leukopenia, fatigue. 
As discussed previously, the most common AEs seen with palbo-
ciclib were neutropenia or leukopenia. Typically, neutropenia can 
be managed with dose delays or dose reductions or interruptions. 
Growth factors are not required and were used rarely in the clinical 
trials. The incidences of febrile neutropenia reported with palboci-
clib are very low (less than 2% reported in PALOMA-2 and 0.6% 
in PALOMA-3, the same as in the control group in that study) to 
none (0% reported in PALOMA-1). Other side effects tend to be 
fairly low grade, grade 1 or grade 2 at the most.  
 The data from ribociclib in the MONALEESA-2 study showed 
a small number of patients that had elevated liver enzymes—that 
is to say, AST and ALT rises during study treatment —[and] a few 
patients a few patients had prolongation of their QTc inter-
val. But none of these were associated with serious AEs. With 
abemaciclib, there is higher incidence of GI toxicity that’s been 
reported in the data sets. 

Moderator: Are there any ongoing trials exploring CDK4/6 
inhibitors in early breast cancer in [the] adjuvant or neoadjuvant 
setting? Why or why not?  
Dr Finn: There are ongoing studies, certainly that have been 
launched with palbociclib in the adjuvant setting, adding palbo-
ciclib to endocrine therapy, with [a] curative intent. There’s the 
PALLAS study (NCT02513394) which is a large study by the US 
Cooperative Group as well as the PENELOPE-B study looking at 
adjuvant palbociclib and endocrine therapy in patients with re-
sidual disease after neo-adjuvant chemotherapy (NCT01864746). 
There are other studies done in early stage settings as well. There 
was a study presented at the 2015 San Antonio Breast Cancer 
Symposium that tested the hypothesis [of] whether adding 
palbociclib to anastrozole as neoadjuvant would enhance [the] 
complete cell-cycle arrest rate (defined as suppression of Ki67 to 
2. . 

 This was a phase II study that enrolled 50 women with clinical 
stage II/III ER-positive, HER2-negative breast cancer. Patients 
were started on anastrozole monotherapy for the first cycle. 
Palbociclib was added for the additional 4 cycles before surgery, 
which was performed about 2 to 4 weeks after the treatment was 
stopped. This study met the endpoint: complete cell cycle arrest 
at cycle 1 was achieved in 87% of the patients. Clinical respons-
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es were observed in 67% of the patients who had completed at 
least 3 cycles of treatment.21 A similar study (neo-Monarch) was 
performed with abemaciclib and demonstrated again a significant 
effect on inducing cell cycle arrest with the addition of CDK4/6 
inhibition to endocrine therapy.22 

References
1. American Cancer Society. Cancer facts and figures. ACS web-
site. http://www.cancer.org/acs/groups/content/@research/doc-
uments/document/acspc-047079.pdf. Published 2016. Accessed 
December 20, 2016. 
2. Finn RS, Aleshin A, Slamon DJ. Targeting the cyclin-dependent 
kinases (CDK) 4/6 in estrogen receptor-positive breast cancers. 
Breast Cancer Res. 2016;18(1):17. doi: 10.1186/s13058-015-0661-5. 
3. Osborne CK, Schiff R, et al. Mechanisms of endocrine 
resistance in breast cancer. Annu Rev Med. 2011;62:233-247. doi: 
10.1146/annurev-med-070909-182917. 
4. Lippert TH, Ruoff HJ, Volm M. Intrinsic and acquired drug resis-
tance in malignant tumors. The main reason for therapeutic failure. 
Arzneimittelforschung. 2008;58(6):261-264. doi: 10.1055/s-0031-1296504. 
5. Finn RS, Martin M, Rugo HS, et al. Palbociclib and letrozole 
in advanced breast cancer. N Engl J Med. 2016;375(20):1925-1936. 
doi: 10.1056/NEJMoa1607303. 
6. Ashgar U, Witkiewicz AK, Turner NC, Knudsen ES.  The history 
and future of targeting cyclin-dependent kinases in cancer therapy. 
Nat Rev Drug Discov. 2015; 14(2):130-146. doi: 10.1038/nrd4504. 
7. Barroso-Sousa R, Shapiro GI, Tolaney SM. Clinical devel-
opment of the CDK4/6 inhibitors ribociclib and abemaciclib 
in breast cancer. Breast Care (Basel). 2016;11(3):167-173. doi: 
10.1159/000447284. 
8. Finn RS, Crown JP, Ettl J, et al. Efficacy and safety of palbo-
ciclib in combination with letrozole as first-line treatment of 
ER-positive, HER2-negative, advanced breast cancer: expanded 
analyses of subgroups from the randomized pivotal trial PALO-
MA-1/TRIO-18. Breast Cancer Res. 2016;18(1):67. doi: 10.1186/
s13058-016-0721-5. 
9. Finn RS, Dering J, Conklin D, et al. PD 0332991, a selective cy-
clin D kinase 4/6 inhibitor, preferentially inhibits proliferation of 
luminal estrogen receptor-positive human breast cancer cell lines 
in vitro. Breast Cancer Res. 2009;11(5):R77. doi: 10.1186/bcr2419. 
10. Finn RS, Crown JP, Lang I, et al. The cyclin-dependent kinase 
4/6 inhibitor palbociclib in combination with letrozole versus 
letrozole alone as first-line treatment of oestrogen receptor-posi-
tive, HER2-negative, advanced breast cancer (PALOMA-1/TRIO-
18): a randomised phase 2 study. Lancet Oncol. 2015;16(1):25-35. 
doi: 10.1016/S1470-2045(14)71159-3. 
11. Turner NC, Ro J, André F, et al. Palbociclib in hor-
mone-receptor-positive advanced breast cancer. N Engl J Med. 
2015;373(17):1672-1673. doi: 10.1056/NEJMc1510345. 

12. Ibrance [SmPC]. European Medical Agency. Kent, United 
Kingdom: Pfizer Limited; 2017. 
13. EMA recommends granting a marketing authorisation for 
palbociclib. European Society for Medical Oncology website. 
http://www.esmo.org/Oncology-News/EMA-Recommends-Grant-
ing-a-Marketing-Authorisation-for-Palbociclib. Published Septem-
ber 19, 2016. Accessed January 23, 2017. 
14. Curigliano G, Gómez Pardo P, Meric-Bernstam F, et al. 
Ribociclib plus letrozole in early breast cancer: A presurgical, win-
dow-of-opportunity study. Breast. 2016;28:191-198. doi: 10.1016/j.
breast.2016.06.008. 
15. Juric D, Munster P, Campone M, et al. Ribociclib (LEE011) 
and letrozole in estrogen receptor-positive (ER+), HER2-negative 
(HER2–) advanced breast cancer (aBC): phase Ib safety, prelim-
inary efficacy and molecular analysis. Presented at: 2016 ASCO 
Annual Meeting; June 3-7, 2016; Chicago, IL. Abstract 568. 
16. Hortobagyi GN, Stemmer SM, Burris HA, et al. Ribociclib as 
first-line therapy for HR-Positive, advanced breast cancer. N Engl J 
Med. 2016;375(18):1738-1748. doi: 10.1056/NEJMoa1609709. 
17. Novartis CDK 4/6 inhibitor LEE011 (ribociclib) receives FDA 
Breakthrough Therapy designation as first-line treatment for 
HR+/HER2- advanced breast cancer [news release]. Basel, Swit-
zerland: Novartis; August 3, 2016. https://www.novartis.com/
news/media-releases/novartis-cdk46-inhibitor-lee011-ribociclib-re-
ceives-fda-breakthrough-therapy. Accessed January 4, 2016. 
18. Lallena MJ, Boehnke K, Torres R, et al. In-vitro characteri-
zation of Abemaciclib pharmacology in ER+ breast cancer cell 
line Cancer  Research. 2015;75(suppl 15): Abstract 3101. doi:  
10.1158/1538-7445.AM2015-3101. 
19. No authors listed. New medical devices. Pharmacy and Thera-
peutics. 2015;40(11):716-774. 
20. Dickler MA, Tolaney SM, Rugo HS, et al. MONARCH1: 
Results from a phase II study of abemaciclib, a CDK4 and CDK6 
inhibitor, as monotherapy, in patients with HR+/HER2- breast 
cancer, after chemotherapy for advanced disease Presented at: 2016 
ASCO Annual Meeting; June 3-7, 2016; Chicago, IL. Abstract 510. 
21. Ma CX, Gao F, Northfelt D, et al. A phase II trial of neoad-
juvant palbociclib, a cyclin-dependent kinase 4/6 inhibitor, in 
combination with anastrozole for clinical stage 2 or 3 estrogen 
receptor positive HER2 negative breast cancer. Presented at: the 
38th Annual San Antonio Breast Cancer Symposium; December 
8-12, 2016; San Antonio, Texas. Abstract S6-05. 
22. Hurvitz SA, Schilder JM, Frenzel M, Martin M. Abstract 
CT092: A phase II study of neoadjuvant abemaciclib (LY2835219) 
in postmenopausal women with hormone receptor positive 
(HR+), human epidermal growth factor receptor 2 negative   
(HER2-) breast cancer (neoMONARCH). [abstract]. Cancer Res 
2016;76(suppl 14): Abstract CT092. doi: 10.1158/1538-7445.
AM2016-CT092.



Researchers who are interested in publishing their 
work should consider The American Journal of 
Hematology/Oncology®. The rapid pace of discovery in 
the field of oncology presents practicing oncologists 
with the difficult challenge of implementing novel 
research findings into clinical practice. To accelerate 
the translation of academic advances to community-
based practice, The American Journal of Hematology/
Oncology® aims to provide practical interpretations 
of the latest advances in medical and hematologic 
oncology and to help practicing oncologists gain a 
better understanding of how these advances are 
changing the treatment landscape for both solid and 
hematologic malignancies.

The editors are pleased to consider manuscripts  
on a wide range of topics related to the 
journal’s mission.  

Articles of interest include:
• Original research
• Reviews
• State-of-the-art updates
• Emerging guidelines
• Editorials and perspectives
• Pivotal trials
• New technologies
• Case reports

 

 

 

T
H

E

OFFICIAL

JO
U

R
N

A L O F

LUNG CANCER
Best Initial Treatment Strategies for EGFR-Mutant  Lung Cancer
Emily A. Barber, BS, and Karen L. Reckamp, MD, MS
CERVICAL CANCERAdvancements in Cervical Cancer Prevention and Management of Persistent, Recurrent, and Metastatic Disease: 2016 Update

Alejandra Fuentes, MD, and Agustin A. Garcia, MD
BREAST CANCERUpdates on Adjuvant Therapy for Early-Stage Hormone Receptor-Positive Breast Cancer Ludimila L. Cavalcante, MD, and Cesar A. Santa-Maria, MD

MYELOPROLIFERATIVE DISORDERSCase Report: Unusual Manifestation of KIT-Negative Systemic MastocytosisBeatriz Cáceres-Nazario, MS-IV; William Cáceres-Perkins, MD; David Tasso, MD; Elizabeth Calderón-Alicea, MD; Daniel Conde-Sterling, MD; Norma Arroyo-Portela, MDaj
ho

www.AJHO.com ISSN 1939-6163 (print) ISSN 2334-0274 (online) 

Volume 12   Number 12   12.16   

RENAL CELL CARCINOMA CME CME-certified enduring materials sponsored by Physicians’ Education Resource®, LLCRCC New Drugs—Where Do They Fit? What Does the Future Hold?
Toni Choueiri, MD

T h e

o f

A m e r i c a n  
J o u r n a l  
H e m a t o l o g y / 
O n c o l o g y ®

A Peer-Reviewed Resource for Oncology Education

00_AJHO_1216_Cover.indd   1

1/5/17   10:52 AM

All manuscripts will undergo peer review, and authors of accepted articles will receive an honorarium and will be required to sign an 
authorship form disclosing any possible conflicts of interest. 
 
To submit an article to The American Journal of Hematology/Oncology® or if you wish to speak to an editor, please e-mail  
Anthony Berberabe at aberberabe@mjhassoc.com

Call for Papers

Detailed descriptions of each category 
can be found in the Instructions for 
Authors at www.ajho.com

· LUNG CANCER   ·

4 

WWW.AJHO.COM  

 

Best Initial Treatment Strategies  

for EGFR-Mutant Lung Cancer
 
 

Emily A. Barber, BS, and Karen L. Reckamp, MD, MS

Introduction

Lung cancer is the leading cause of cancer related mortality 

worldwide in both men and women.1 Patients with advanced 

epidermal growth factor receptor (EGFR) mutated non–small-

cell lung cancer (NSCLC) treated with tyrosine kinase inhibitors 

(TKIs), such as gefitinib, erlotinib, and afatinib, show improved 

progression-free survival (PFS) compared with standard chemo-

therapy as first-line therapy.2-5 Unfortunately, patients develop 

resistance through multiple routes, including acquired EGFR 

mutations such as T790M.6  In order to combat this resistance, 

second- and third-generation EGFR TKIs have been developed. 

In order to prevent or delay the development of resistance, 

multiple strategies have been investigated, such as the combina-

tion of high-dose pulses with low-dose continuous EGFR TKI 

therapy or co-targeting bypass signaling pathways as in the com-

bined inhibition of both EGFR and MET.7 The development of 

third-generation TKIs has improved patient outcomes; however, 

therapeutic resistance still occurs. As the options for therapy 

increase, the available data should be considered in choosing a 

frontline treatment.

Current Options for First-Line Therapy

EGFR TKIs have been established as frontline therapy for 

patients with metastatic EGFR mutant lung. Differentiating 

between these treatment options requires an evaluation of the 

studies that have been performed. 

 The IPASS trial led the field, and was a randomized, phase 

3 trial that compared gefitinib to carboplatin and paclitaxel 

in 1217 previously untreated never or light ex-smokers with 

advanced NSCLC, but did not require EGFR mutation. The pri-

mary endpoint was PFS, and at 12 months, the PFS was 24.9% 

with gefitinib and 6.7% with carboplatin/paclitaxel. In the sub-

group of patients with an EGFR mutation, PFS was significantly 

longer among those who received gefitinib.2 Importantly, those 

without EGFR mutation had improved PFS with chemotherapy, 

highlighting the importance of molecularly testing for activating 

EGFR mutations. 

 A randomized, phase 3 trial compared gefitinib versus 

carboplatin/paclitaxel in previously untreated patients with 

EGFR-mutated metastatic NSCLC.8 Analysis of the first 200 

patients revealed that PFS was significantly longer in patients in 

the gefitinib group resulting in early termination. The gefitinib 

group had a median PFS of 10.8 versus 5.4 months in the 

chemotherapy group and a higher response rate of 73.7% versus 

30.7%.

 A third study comparing gefitinib and cisplatin plus docetaxel 

had similar results.9 This randomized, phase 3 study involved 

177 previously untreated patients diagnosed with stage IIIB/IV 

NSCLC or postoperative recurrence with EGFR mutations and 

evaluated PFS as the primary endpoint. The gefitinib group had 

significantly longer median PFS compared with the cisplatin 

plus docetaxel group (9.2 versus 6.3 months).

 A randomized, phase 3 trial compared erlotinib with carbo-

Abstract

EGFR activating mutations were described in lung 

cancer over a decade ago, and in that time, targeted 

therapy with epidermal growth factor receptor (EGFR) 

tyrosine kinase inhibitors (TKIs) have become the treat-

ment of choice as first-line therapy.  Targeted therapy 

improves responses and progression-free survival when 

compared with chemotherapy in these patients with 

advanced disease.  Despite improvements in outcomes, 

resistance develops and the majority of patients expe-

rience tumor progression and are not cured.  The intro-

duction of third-generation EGFR  TKIs that effectively 

block activating mutations and the T790M resistance 

mutation while sparing wild-type EGFR has led to 

improved outcomes following the development of resis-

tance.  The future of EGFR therapy will explore the use 

of these agents and combinations to potentially delay or 

eliminate resistance to increase efficacy and ultimately 

survival.  This review will focus on current therapies 

used in the first-line setting for advanced EGFR mutation 

positive non–small cell lung cancer (NSCLC) followed by 

emerging data that may lead to a transition in the choice 

for initial therapy in these patients. 
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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 phosphorylation of fluorouracil in the gastrointestinal 

tract, thereby reducing the gastrointestinal toxic effects of fluo-

rouracil). 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, respective-

ly. These promising results 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 per-

sistent carcinoma of the cervix, which completed accrual in April 

2016 but results have not yet been published (NCT00770874). 

S-1 was also recently combined with irinotecan in a phase 1 trial, 

which thus far demonstrated an acceptable toxicity profile. 50

Targeted AgentsAngiogenesis Inhibitors and Bevacizumab

Targeting angiogenesis to block the growth of nutrient-supplying 

blood vessels in cancerous tumors has been the latest most effica-

cious adjunct to the treatment of advanced cervical cancer. Since 

2006, small studies suggested that the combination of bevacizum-

ab, a vascular endothelial growth factor (VEGF) inhibitor, and 

chemotherapy was highly active in advanced cervical cancer. 51,52 

A phase 2 multicenter trial then evaluated single-agent bevaci-

zumab among women with persistent or recurrent squamous cell 

carcinoma of the cervix. 53 In this single-arm study, all patients 

had been exposed to at least one prior chemotherapy regimen 

(both cisplatin- and non–cisplatin-based) and most had received 

prior radiation (82.6%) or hysterectomy (56%). Bevacizumab was 

shown to have acceptable toxicity with few grade 3 or 4 adverse 

events, including hypertension (n = 7), thromboembolism (n = 

5), gastrointestinal (n = 4), anemia (n = 2), other cardiovascular 

(n = 2), vaginal bleeding (n = 1), neutropenia (n = 1), and grade 

4 urinary fistula (n = 1). One death occurred due to infection. It 

also showed clinical activity, with a median PFS of 3.40 months 

(95% CI, 2.53-4.53 months) and OS of 7.29 months (95% CI, 

6.11-10.41 months). The study suggested that bevacizumab merit-

ed further investigation in phase 3 trials. 

 The most significant and practice-changing study for the man-

agement of advanced cervical cancer was GOG 240, a phase 3 random-

ized study in which women diagnosed with recurrent, persistent, 

or metastatic cervical cancer who had only received chemo-

therapy used concurrently with radiation for locally advanced 

non-metastatic disease were enrolled. 7 A total of 452 women were 

randomized into a factorial 2 × 2 design study, where approxi-

mately 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 combination 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 bevacizumab (P = .004). Response rates were 

48% with bevacizumab and 36% with chemotherapy alone (P = 

.008). As a secondary outcome in the study, topotecan-paclitaxel 

did not outperform cisplatin-paclitaxel, even among patients with 

prior exposure to cisplatin. There was significantly more toxicity 

in patients who received bevacizumab compared to those who re-

ceived chemotherapy alone, and was representative of the known 

Author

 Treatment

N
ORR (%)  PFS (months) P

OS (months)
P

Miller35

Cisplatin TP
134 

130 19 
36 2.8 

4.8 < .001 8.8 
9.7 NS 

Long22

Cisplatin ToP
146 

147 13 
27 2.9 

4.6 .014 6.5 
9.4 .021 

Monk23

TP 
VP 

GP 
ToP

103 
108 

112 
111

29.1 
25.9 

22.3 
23.4

5.82 
3.98 

4.70 
4.57

 
.06 

.04 
.19

12.87 9.99 10.28 10.25

 
.71 

.90 
.89

Tewari7

Chemotherapy Chemotherapy/Bevacizumab
225 

227 5.9 
8.2 5.9 

8.2 .002 
13.3 

17.0 .004 

Kitagawa25

TP 
TC

123 
121 6.9 

6.2 6.9 
6.2 .053 

18.3 
17.5 .032 

GP indicates gemcitabine/cisplatin; NS, not stated; OS, overall survival; ORR, objective response rate; PFS, progression-free survival; TC, 

paclitaxel/carboplatin; TP paclitaxel/cisplatin; ToP, topotecan/cisplatin; VP, vinorelbine/cisplatin.

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