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Since the initial discovery of chromosomal rearrangements involv-
ing the anaplastic lymphoma kinase (ALK) gene in non-small cell
lung cancer (NSCLC) in 2007, ALK rearrangements have emerged
as important therapeutic targets in oncology [1]. Indeed, within a
decade of this initial description, three ALK-directed therapies
have gained regulatory approval in the U.S., and multiple other
ALK targeted therapies are in clinical development.

ALK rearrangements lead to expression of constitutively
active fusion kinases that drive malignant growth and cellular
proliferation. In NSCLC, ALK rearrangements are found in
3%–7% of patients and define a distinct molecular subset of
the disease with characteristic clinical and pathologic features
[2]. ALK rearrangements also confer exquisite sensitivity to
treatment with ALK tyrosine kinase inhibitors (TKIs), such as cri-
zotinib. In pivotal randomized trials, crizotinib produced signifi-
cant improvements in response rates, progression-free survival,
and quality of life compared to cytotoxic chemotherapy, estab-
lishing crizotinib as standard first-line therapy for ALK-positive
NSCLC [3, 4].While crizotinib has transformed the management
of ALK-positive NSCLC, patients invariably develop resistance to
therapy. As a result, a number of more potent and selective,
next-generation ALK inhibitors (e.g., ceritinib, alectinib, brigati-
nib) have been developed, with each demonstrating significant
antitumor activity in ALK-positive NSCLC [5–8].

Recently, the explosion of broad-based molecular testing in
oncology has led to the identification of ALK rearrangements in
malignancies beyond NSCLC and lymphoma [9]. Specifically,
ALK fusions have now been reported in inflammatory myofibro-
blastic tumors (IMT) [10], colorectal cancer (CRC) [11, 12],
breast cancer [11], renal cancer [13], and ovarian cancer [14].
However, ALK TKIs have yet to be approved for use in ALK-driven
cancers outside of NSCLC to date.

In this issue of The Oncologist, Lai et al. and Wang et al.
describe the presence of ALK rearrangements in two distinct
malignancies and highlight the use of liquid biopsies in molecular
diagnostics [15, 16]. Wang et al. report the case of an ALK-
rearranged atypical neuroendocrine tumor with diffuse central
nervous systemmetastases [15]. Of note,molecular testing could
not be performed on the patient’s initial diagnostic biopsy speci-
men due to insufficient tissue; however, genotyping of circulating
free DNA (cfDNA) using a capture-based next-generation
sequencing (NGS) platform revealed a novel SMC5-ALK fusion.

Based upon this finding, the patient was treated with the
next-generation ALK inhibitor alectinib, which resulted in sig-
nificant systemic and intracranial responses, both of which
were ongoing at the time of reporting. Likewise, Lai et al. used
the same capture-based cfDNA platform to identify an ALK

rearrangement in a patient with metastatic CRC [16]. Impor-
tantly, at the time of this patient’s initial diagnosis, ALK immu-
nohistochemistry (IHC) was negative, but parallel genomic
profiling of cfDNA and available tissue using hybrid capture-
based NGS identified a STRN-ALK fusion. These cases highlight
the emerging role of liquid biopsies in molecular testing, as
well as the complexities surrounding their use, particularly
with respect to fusion detection.

Historically, ALK testing has been performed using fluores-
cence in situ hybridization (FISH) and/or IHC on formalin-fixed,
paraffin-embedded tissue [2, 17, 18]. More recently, NGS, which
permits the simultaneous evaluation of multiple genes, has also
emerged as a promising alternative [19]. Nonetheless, tissue-
based tests are not always feasible during routine clinical care
due to various factors, including sites of malignant disease, insuf-
ficient tissue, or patient-specific factors, among others. As a
result, liquid biopsies have gained momentum as less-invasive
methods of genotyping.

The term “liquid biopsy” encompasses a range of assays
aimed at evaluating circulating factors, including circulating
tumor cells, cell-derived vesicles (exosomes), and cfDNA. To
date, cfDNA analysis has emerged as the most common form
of liquid biopsy to be used in the clinic. In general, clinically
available cfDNA assays rely on either polymerase chain reaction
(PCR) (e.g., allele-specific PCR, emulsion PCR) or NGS-based
approaches (e.g., amplicion-based NGS, capture-based NGS)
[20]. Though rapid, cost-effective, and highly sensitive, PCR-
based assays evaluate only known genomic alterations and are
unable to detect certain alterations, such as gene fusions. By
contrast, NGS-based cfDNA assays are not as sensitive as PCR-
based methods [21] and require more complex bioinformatics,
but NGS has the advantage of interrogating a larger number of
genomic loci. Moreover, capture-based NGS platforms are able
to detect a range of genetic alterations, including gene fusions,
such as ALK.

To date, clinical descriptions evaluating the use of cfDNA to
identify oncogenic fusions are limited. In one recent example, Cui
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et al. performed capture-based NGS in 39 patients with stage IB-
IV NSCLC, including 24 ALK-positive patients (by Ventana ALK IHC
analysis and confirmed by FISH) and 15 ALK-negative patients
[22]. Capture-based NGS of cfDNA identified ALK rearrangements
in 13 patients, including two cases with rare ALK fusions
(FAM179A-ALK, COL25A1-ALK). The overall sensitivity, specificity,
and accuracy of testing for ALK in this study was 54.2%, 100%,
and 71.8%, respectively. Of note, sensitivity was greater in cases
of advanced disease versus early stage disease (64.7% vs. 28.6%).
In a separate study investigating ALK rearrangement detection in
NSCLC using capture-based NGS of cfDNA,Wang et al. reported a
sensitivity and specificity of 79.2% and 100%, respectively [23].
Collectively, these studies highlight both the promise (noninva-
sive, high specificity, ability to detect new fusions) and shortcom-
ings (lower sensitivity, inability to determine clinical significance
of novel fusions) of the current technology.

In addition to underscoring the role of cfDNA analysis in cur-
rent clinical practice, the articles by Wang et al. and Lai et al. also
raise important questions about the use of targeted therapies
across tumor types. First, does the same genetic alteration confer
sensitivity to targeted therapy across malignancies? The success
of HER2-directed therapies in both breast and gastric cancer is
one notable example in which this has been observed clinically
[24, 25]. However, BRAF

V600E mutant neoplasms are important
reminders that this is not always the case and that the same
genetic alteration can have differential sensitivities to targeted
therapy based upon the tissue of origin. Indeed, whereas BRAF
1/2 MEK inhibition often leads to dramatic tumor responses in
both BRAF

V600E melanoma and NSCLC [26–29], similar targeted
approaches have been largely disappointing in BRAF

V600E CRC
[30, 31]—possibly due to inadequate suppression of the MAPK
pathway and rapid feedback activation of epidermal growth fac-
tor receptor in CRC [31–33]. Given this experience, we are left to
ask—where do ALK rearrangements exist on this continuum? To
date, several case reports and series have demonstrated that ALK
TKIs can be active in ALK-positive IMT, anaplastic large cell lym-
phoma, and diffuse large B-cell lymphoma [34–37]. In this issue
of The Oncologist, Wang et al. extend this literature by demon-
strating a dramatic response to alectinib in an ALK-rearranged
atypical neuroendocrine tumor, suggesting that ALK rearrange-
mentsmay be viable targets acrossmalignancies [15].

More broadly, how does the oncology community at large
evaluate the activity of specific targeted therapies when a given
genetic alteration is rare and present in diverse malignancies?

One recent approach has been the basket study. While tradi-
tional clinical trials focus on treatment of a particular tumor his-
topathology, basket studies evaluate therapies aimed at a
specific genetic mutation regardless of where the cancer origi-
nates. This trial design enables investigators to evaluate how
targeted therapies may differ across tumor types harboring sim-
ilar drivers. The potential utility of basket studies is highlighted
by the ongoing clinical development of larotrectinib, a potent,
selective oral inhibitor of the TRK family of neurotrophin recep-
tors. In preliminary reporting of a phase I basket study of laro-
trectinib, partial responses were observed in six of seven
efficacy-evaluable patients with TRK fusion-positive tumors
[38]. Based in part on these results, larotrectinib was recently
granted breakthrough therapy designation by the U.S. Food and
Drug Administration. In another example of a basket trial, the
National Cancer Institute launched the Molecular Analysis for
Therapy Choice (NCI-MATCH) in 2015 (NCT02465060). This
study aims to perform DNA sequencing on tumor specimens
from approximately 6,000 patients. Afterward, patients with
select genetic alterations (e.g., ALK rearrangements, HER2

mutations, BRAF mutations) will be assigned to one of 30
planned treatment arms. Of note, NCI-MATCH plans for approxi-
mately 25% of enrolled subjects to have rare cancers, thus
allowing investigators to evaluate the impact of targeted thera-
pies across a spectrum of malignancies.

In summary, advancements in precision medicine will likely
continue to fuel the identification of novel genetic alterations
as well as the detection of known genetic alterations in previ-
ously undescribed settings. While this may provide new thera-
peutic opportunities for our patients, the ever-expanding
volume of genomic data encountered during routine clinical
practice can also be daunting. Therefore, together with preclini-
cal studies to functionally validate new targets, there is a grow-
ing need for innovative clinical trial designs, molecular tumor
boards, and clinical reports of exceptional responders. Collec-
tively, these efforts may help guide insights into the best use of
targeted therapies across tumor types.

DISCLOSURES

Justin F. Gainor: Novartis, Merck, Bristol-Myers Squibb, Genentech/
Roche, Loxo, Theravance, Clovis, Boehringer Ingelheim (C/A). The other
author indicated no conflicts of interest.
(C/A) Consulting/advisory relationship; (RF) Research funding; (E) Employment; (ET) Expert

testimony; (H) Honoraria received; (OI) Ownership interests; (IP) Intellectual property rights/

inventor/patent holder; (SAB) Scientific advisory board

REFERENCES

1. Soda M, Choi YL, Enomoto M et al. Identifica-
tion of the transforming EML4-ALK fusion gene in
non-small-cell lung cancer. Nature 2007;448:
561–566.

2. Shaw AT, Yeap BY, Mino-Kenudson M et al. Clini-
cal features and outcome of patients with non-
small-cell lung cancer who harbor EML4-ALK. J Clin
Oncol 2009;27:4247–4253.

3. Shaw AT, Kim DW, Nakagawa K et al. Crizotinib
versus chemotherapy in advanced ALK-positive lung
cancer. N Engl J Med 2013;368:2385–2394.

4. Solomon BJ, Mok T, Kim DWet al. First-line crizo-
tinib versus chemotherapy in ALK-positive lung can-
cer. N Engl J Med 2014;371:2167–2177.

5. Shaw AT, Kim DW, Mehra R et al. Ceritinib in
ALK-rearranged non-small-cell lung cancer. N Engl J
Med 2014;370:1189–1197.

6. Shaw AT, Gandhi L, Gadgeel S et al. Alectinib in
ALK-positive, crizotinib-resistant, non-small-cell lung
cancer: A single-group, multicentre, phase 2 trial.
Lancet Oncol 2016;17:234–242.

7. Ou SH, Ahn JS, De Petris L et al. Alectinib in
crizotinib-refractory ALK-rearranged non-small-cell
lung cancer: A phase II global study. J Clin Oncol
2016;34:661–668.

8. Gettinger SN, Bazhenova LA, Langer CJ et al.
Activity and safety of brigatinib in ALK-rearranged
non-small-cell lung cancer and other malignancies: A
single-arm, open-label, phase 1/2 trial. Lancet Oncol
2016;17:1683–1696.

9. Morris SW, Kirstein MN, Valentine MB et al.
Fusion of a kinase gene, ALK, to a nucleolar protein
gene, NPM, in non-hodgkin’s lymphoma. Science
1994;263:1281–1284.

10. Lawrence B, Perez-Atayde A, Hibbard MK et al.
TPM3-ALK and TPM4-ALK oncogenes in inflamma-
tory myofibroblastic tumors. Am J Pathol 2000;157:
377–384.

11. Lin E, Li L, Guan Y et al. Exon array profiling
detects EML4-ALK fusion in breast, colorectal, and
non-small cell lung cancers. Mol Cancer Res 2009;7:
1466–1476.

12. Lipson D, Capelletti M, Yelensky R et al. Identifi-
cation of new ALK and RET gene fusions from colo-
rectal and lung cancer biopsies. Nat Med 2012;18:
382–384.

760 ALK Fusion Detection in Circulating Free DNA

Oc AlphaMed Press 2017



13. Sugawara E, Togashi Y, Kuroda N et al. Identifi-
cation of anaplastic lymphoma kinase fusions in
renal cancer: Large-scale immunohistochemical
screening by the intercalated antibody-enhanced
polymer method. Cancer 2012;118:4427–4436.

14. Ren H, Tan ZP, Zhu X et al. Identification of ana-
plastic lymphoma kinase as a potential therapeutic
target in ovarian cancer. Cancer Res 2012;72:3312–
3323.

15. Wang V, Ali SM, Miller V et al. A case of meta-
static atypical neuroendocrine tumor with ALK trans-
location and diffuse brain metastases. The
Oncologist 2017;22:768–773.

16. Lai AZ, Erlich RL, Ross JS et al. Detection of an
ALK fusion in colorectal carcinoma by hybrid capture
based assay of circulating tumor DNA. The Oncolo-
gist 2017;22:774–779.

17. Conklin CM, Craddock KJ, Have C et al. Immu-
nohistochemistry is a reliable screening tool for iden-
tification of ALK rearrangement in non-small-cell
lung carcinoma and is antibody dependent. J Thorac
Oncol 2013;8:45–51.

18. Martelli MP, Sozzi G, Hernandez L et al. EML4-
ALK rearrangement in non-small cell lung cancer
and non-tumor lung tissues. Am J Pathol 2009;174:
661–670.

19. Ali SM, Hensing T, Schrock AB et al. Compre-
hensive genomic profiling identifies a subset of
crizotinib-responsive ALK-rearranged non-small cell
lung cancer not detected by fluorescence in situ
hybridization.The Oncologist 2016;21:762–770.

20. Oxnard GR, Paweletz CP, Sholl LM. Genomic
analysis of plasma cell-free DNA in patients with can-
cer. JAMAOncol 2016 [Epub ahead of print].

21. Jovelet C, Ileana E, Le Deley MC et al. Circulat-
ing cell-free tumor DNA analysis of 50 genes by
next-generation sequencing in the prospective
moscato trial. Clin Cancer Res 2016;22:2960–2968.

22. Cui S, Zhang W, Xiong L et al. Use of capture-
based next-generation sequencing to detect ALK

fusion in plasma cell-free DNA of patients with non-
small-cell lung cancer. Oncotarget 2017;8:2771–
2780.

23. Wang Y, Tian PW, Wang WY et al. Noninvasive
genotyping and monitoring of anaplastic lymphoma
kinase (ALK) rearranged non-small cell lung cancer
by capture-based next-generation sequencing.
Oncotarget 2016;7:65208–65217.

24. Slamon DJ, Leyland-Jones B, Shak S et al.
Use of chemotherapy plus a monoclonal anti-
body against HER2 for metastatic breast cancer
that overexpresses HER2. N Engl J Med 2001;
344:783–792.

25. Bang YJ, Van Cutsem E, Feyereislova A et al.
Trastuzumab in combination with chemotherapy
versus chemotherapy alone for treatment of
HER2-positive advanced gastric or gastro-
oesophageal junction cancer (ToGA): A phase 3,
open-label, randomised controlled trial. Lancet
2010;376:687–697.

26. Long GV, Stroyakovskiy D, Gogas H et al. Com-
bined BRAF and MEK inhibition versus BRAF inhibi-
tion alone in melanoma. N Engl J Med 2014;371:
1877–1888.

27. Long GV,Weber JS, Infante JR et al. Overall sur-
vival and durable responses in patients with BRAF
V600-mutant metastatic melanoma receiving dabra-
fenib combined with trametinib. J Clin Oncol 2016;
34:871–878.

28. Robert C, Karaszewska B, Schachter J et al.
Improved overall survival in melanoma with com-
bined dabrafenib and trametinib. N Engl J Med
2015;372:30–39.

29. Planchard D, Besse B, Groen HJ et al. Dabrafe-
nib plus trametinib in patients with previously
treated BRAF(V600E)-mutant metastatic non-small
cell lung cancer: An open-label, multicentre phase 2
trial. Lancet Oncol 2016;17:984–993.

30. Kopetz S, Desai J, Chan E et al. Phase II pilot
study of vemurafenib in patients with metastatic

BRAF-mutated colorectal cancer. J Clin Oncol 2015;
33:4032–4038.

31. Corcoran RB, Atreya CE, Falchook GS et al.
Combined BRAF and MEK inhibition with dabrafenib
and trametinib in BRAF V600-mutant colorectal can-
cer. J Clin Oncol 2015;33:4023–4031.

32. Corcoran RB, Ebi H, Turke AB et al. EGRF-medi-
ated re-activation of MAPK signaling contributes to
insensitivity of BRAF mutant colorectal cancers to
RAF inhibition with vemurafenib. Cancer Discov
2012;2:227–235.

33. Prahallad A, Sun C, Huang S et al. Unrespon-
siveness of colon cancer to BRAF(V600E) inhibition
through feedback activation of EGFR. Nature 2012;
483:100–103.

34. Butrynski JE, D’Adamo DR, Hornick JL et al.
Crizotinib in ALK-rearranged inflammatory myofi-
broblastic tumor. N Engl J Med 2010;363:1727–
1733.

35. Gambacorti Passerini C, Farina F, Stasia A et al.
Crizotinib in advanced, chemoresistant anaplastic
lymphoma kinase-positive lymphoma patients. J Natl
Cancer Inst 2014;106:djt378.

36. Wass M, Behlendorf T, Glaser U et al. Crizotinib
in ALK-positive diffuse large B-cell lymphoma: A case
report. Blood 2012;120.

37. Li J, Ouyang J, Zhou R et al. Promising response
of anaplastic lymphoma kinase-positive large B-cell
lymphoma to crizotinib salvage treatment: Case
report and review of literature. Int J Clin Exp Med
2015;8:6977–6985.

38. Hong DS, Dowlati A, Burris HA et al. 150O clini-
cal safety and activity from a phase 1 study of LOXO-
101, a selective TRKA/B/C inhibitor, in solid-tumor
patients with NTRK gene fusions. Ann Oncol 2016;
27(suppl 9):ix46–ix51.

Editor’s Note: See the related articles, “A Case of Metastatic Atypical Neuroendocrine Tumor with ALK Translocaion and Diffuse
Brain Metastases” by Victoria E.Wang et al. on pages 768–773 and “Detection of an ALK Fusion in Colorectal Carcinoma by Hybrid
Capture-Based Assay of Circulating Tumor DNA” by Andrea Z. Lai et al. on pages 774–779 of this issue.
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