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12 RET (rearranged during transfection) gene encodes a receptor
13 tyrosine kinase essential for many physiologic functions, but RET
14 aberrations are involved in many pathologies. While RET loss-of-
15 function mutations are associated with congenital disorders like
16 Hirschsprung disease and CAKUT, RET gain-of-function muta-
17 tions and rearrangements are critical drivers of tumor growth and
18 proliferation inmany different cancers.RET-altered (RETþ) tumors
19 have been hitherto targeted with multikinase inhibitors (MKI)
20 having anti-RET activities, but they inhibit other kinase targets
21 more potently and show limited clinical activities. The lack of target

22 specificity and consequently increased side effects, responsible for
23 dose reduction and drug discontinuation, are critical limitations of
24 MKIs in the clinics. New selective RET inhibitors, selpercatinib and
25 pralsetinib, are showing promising activities, improved response
26 rates, andmore favorable toxicity profiles in early clinical trials. This
27 review critically discusses the oncogenic activation of RET and its
28 role in different kinds of tumors, clinical features of RETþ tumors,
29 clinically actionable geneticRET alterations and their diagnosis, and
30 the available data and results of nonselective and selective targeting
31 of RET.

32 Introduction
33 RET (rearranged during transfection; ref. 1) gene encodes a receptor
34 tyrosine kinase (RTK) essential for many physiologic functions like
35 early embryogenesis, development of the enteric nervous system,
36 kidney morphogenesis, spermatogenesis, hematopoiesis, and poten-
37 tially immunomodulation. Unsurprisingly, aberrations of RET gene
38 leads to many pathologies. On the one hand, RET loss-of-function
39 mutations are most commonly known genetic cause of Hirschsprung
40 disease, a relatively common congenital hereditary disorder charac-
41 terized by chronic constipation leading to intestinal obstruction,
42 emesis, and increased risk of enterocolitis. But on the other hand,
43 aberrant RET receptor activation via gain-of-function rearrangements
44 andmutations is implicated in many different tumors. In the past, this
45 gene was considered mainly for the early diagnosis of hereditary
46 medullary thyroid cancer (MTC) by detection of germline oncogenic
47 mutations, and prophylactic thyroidectomy for asymptomatic rela-

49tives. However, increasing evidences in recent years show aberrant
50activation of RET as a critical driver of tumor growth and proliferation
51across a broad spectrum of tumors.
52RET rearrangements have been frequently found in papillary thy-
53roid cancer (PTC; ref. 2) and non–small cell lung cancer (NSCLC;
54refs. 3–5), whereas activating point mutations are very common in
55MTC and multiple endocrine neoplasia 2 (MEN2), where they play
56pathognomonic role in the latter (6, 7). A study using targeted next-
57generation sequencing (NGS) on 4,871 patients with diverse tumors
58found 88 RETþ cases (1.8%; 88/4,871), with most of them as activating
59alterations (71.6%; 63/88; ref. 8). In Memorial Sloan Kettering Cancer
60Center (MSKCC) data (9) of a large cohort of metastatic cancers from
61cBioPortal (10), we found that there are 2.4% of RET alterations
62(Fig. 1).

63RET Oncogenic Activation and
64Prevalence of RETþ Tumors
65The RET gene is a single-pass transmembrane RTK located on the
66long arm of chromosome 10 (10q11.21; Fig. 2). Oncogenic activation
67of RET occurs mainly in two different ways: (i) chromosomal rear-
68rangement giving rise to chimeric RET fusion genes and (ii) somatic or
69germline mutations. These gain-of-function alterations lead to the
70constitutive activation of RET, either via ligand-independent dimer-
71ization or by aberrant expression or activation of monomeric
72receptors.

73RET rearrangements
74RET rearrangements produce chimeras formed by in-frame
75fusion of 50-end of partner genes with the 30-end of RET containing
76its kinase domain. RET fusion genes exhibit oncogenic properties by
77two main mechanisms. First, the upstream partners could contain a
78dimerization domain that is fused with the kinase domain of RET,
79resulting in ligand-independent dimerization and constitutive
80activation (11). For example, many upstream fusion partners of
81RET contain the coiled-coil dimerization domain (3, 12). Most of
82these fusion partners are localized in the cytosol, thus avoiding
83normal endosomal trafficking and ubiquitin-mediated lysosomal
84degradation (13).

AU

1Division of Early Drug Development for Innovative Therapies, European Insti-
tute of Oncology IRCCS, Milan, Italy.Q4 2Department of Genetic Medicine and
Development (GEDEV), Faculty of Medicine, University of Geneva Medical
School, Geneva, Switzerland. 3Department of Informatics, Systems and Com-
munications (DISCo), University of Milano-Bicocca, Milan, Italy. 4Massachusetts
General Hospital, Boston, Massachusetts. 5Department of Biopathology, Centre
Jean Perrin and University Clermont Auvergne/INSERM U1240, Clermont-Fer-
rand, France. 6The University of Texas MD Anderson Cancer Center, Houston,
Texas. 7Division of Solid Tumor Oncology, Department of Medicine, Memorial
Sloan Kettering Cancer Center, Weill Cornell Medical College, New York, New
York. 8Department of Medicine, Memorial Sloan Kettering Cancer Center, Weill
Cornell Medical College, New York, New York. 9Gustave Roussy Cancer Center,
Villejuif, France. 10Department of Oncology andHemato-Oncology, University of
Milan, Milan, Italy.

A. Drilon, F. Andr�e, and G. Curigliano contributed equally as co-senior authors of
this article.

Corresponding Author: Giuseppe Curigliano,Q5 European Institute of Oncology,
IRCCS,ViaRipamonti 435,Milan 20141, Italy. Phone: 3902-5748-9788; Fax: 3902-
5748-9581; E-mail: giuseppe.curigliano@ieo.it

Clin Cancer Res 2020;26:1–12

doi: 10.1158/1078-0432.CCR-20-1587

�2020 American Association for Cancer Research.

AACRJournals.org | 1

http://crossmark.crossref.org/dialog/?doi=10.1158/1078-0432.CCR-20-1587&domain=pdf&date_stamp=2020-7-22
http://crossmark.crossref.org/dialog/?doi=10.1158/1078-0432.CCR-20-1587&domain=pdf&date_stamp=2020-7-22
Z01137
Testo inserito
I checked and all the words are styled correctly

Z01137
Testo inserito
Drug names and dosages verified

Z01137
Testo inserito
The name is correct. Do not change it please

Z01137
Testo inserito
Affiliations and author links have been verified

Z01137
Testo inserito
Corresponding author details are correct



87 Second, the fusion brings theRET kinase at 30-end directly under the
88 control of the promoter of the upstream partner gene (3, 14). The
89 partner gene could be ubiquitously expressed, consequently over-
90 expressing chimeric RET protein triggering activation of multiple
91 downstream pathways involved in cell growth, proliferation, and
92 survival (Fig. 2; refs. 11, 15).
93 RET rearrangements are frequently found inPTC (Fig. 3), especially
94 in subjects with previous exposure to ionizing radiation. In particular,
95 50%–90% of children show RET rearrangements in post-Chernobyl
96 PTC (16) as their follicular cells are susceptible to undergo genetic
97 mutations due to high proliferation rate (17). Different studies suggest
98 that the incidence of rearrangements vary widely (2.6%–70%; ref. 18),
99 but more recently The Cancer Genome Atlas consortium found 6.8%
100 of RET fusions in a large (N ¼ 484) PTC cohort (19). CCDC6 and
101 NCOA4 are the twomost frequent (>90%of cases)RET fusion partners
102 in PTC, with the latter usually associated with bigger tumor size,
103 aggressive behavior, and advanced stage at diagnosis (2).
104 RET rearrangements are found in around 1%–2% of patients with
105 NSCLC (20) of mainly adenocarcinoma histology, in relatively young
106 (≤60 years) peoplewithminimal or no smoking history, and frequently
107 showbrainmetastases at the timeof diagnosis of advanced disease (21).
108 These cancers are responsive to pemetrexed-based regimens with
109 overall response rate (ORR), median progression-free survival
110 (mPFS), and median overall survival (mOS) not significantly different
111 from ROS1- and ALK-rearranged tumors (ORR: 45% vs. 78% vs. 50%,
112 P ¼ 0.30; mPFS: 19 vs. 23 vs. 19 months, P ¼ 0.57; mOS: 24 vs. 24 vs.
113 37 months, P ¼ 0.43; for RET-, ROS1-, and ALK-rearranged tumors,
114 respectively; ref. 22). RET-rearranged tumors tend to be mutually
115 exclusive with other major lung cancer drivers such as KRAS muta-
116 tions, EGFRmutations, and ALK and ROS1 rearrangements (8). They
117 show low tumor mutation burden and low PD-L1 expression making
118 them “cold” tumors having low response to immunotherapy (23).
119 KIF5B is the most common fusion partner and lung adenocarci-
120 nomas carrying this fusion show a 2- to 30-fold increase in RET
121 expression, but other upstream fusion partners have also been iden-
122 tified (Fig. 3; refs. 3, 24).

124RET rearrangements are also found in other tumors such as
125colorectal cancer (25), breast cancer (26), chronic myelomonocytic
126leukemia (27), spitz tumors (28), medullary thyroid carcinomas (29),
127and ovarian and salivary gland cancers (8).

128RET mutations
129Germline RET mutations are pathognomonic hallmark of MEN2
130and can be identified in 98%–100% of cases by molecular testing (30).
131MEN2 is an autosomal dominant multi-tumor syndrome that is
132further subdivided intoMEN2A (>90%of cases),MEN2B, and familial
133MTC (FMTC; ref. 31). Although, around 200 RET variants have been
134described in MEN2 with approximately half of them annotated to be
135pathogenic (32), most of the frequent variants are localized in key
136residues in the extracellular and kinase domains.
137Extracellular domain mutations are more commonly observed in
138MEN2A and FMTC (Fig. 3). These missense mutations involve the
139cysteine-rich domain in the extracellular region and consist of
140substitution of cysteine (C609, C611, C618, C620, C630, and
141C634) with other amino acids, thereby disrupting the intramolec-
142ular disulfide bonds that determine the three-dimensional structure
143of the extracellular domain. As a consequence, the nonmutated and
144unbonded cysteine residues from two different RET molecules are
145free to make intermolecular disulfide bonds. This leads to the
146ligand-independent dimerization and constitutive activation of
147RET (33, 34). Mutation involving codon 634 (C634R) in exon 11
148is the most common substitution identified in patients with MEN2A
149(85%). In FMTC, the mutations are evenly distributed among the
150various cysteine residues (C609, C611, C618, C620, and C630;
151ref. 35).
152Mutations in the kinase domain are pathognomonic of MEN2B
153syndrome with M918T in exon 16 described in 95% of the cases and
154A883F in exon 15 in further 2%–3% of the cases (36).M918Tmutation
155alters the catalytic core of RET receptor resulting in increased ATP
156binding and receptor activation regardless of receptor dimerization,
157and is responsible for increased aggressiveness compared with other
158RET mutations (37, 38).
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Figure 1.

RET aberrations in different kinds of metastatic tumors obtained from the MSK-IMPACT Clinical Sequencing Cohort (9) available on cBioPortal.org. A, Overview of
RET alterations and their relative frequencies in 10,945 sequenced samples from the MSKCC. B, Distribution of putative driver RET alterations in different kind of
tumors from the MSKCC. C, Relative frequency of any RET alteration from the MSKCCQ6 .
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Figure 2.

RET receptor and signaling pathways activated byRET. TheRET gene encodes a single-pass transmembrane glycoprotein receptor, consisting of a large extracellular
domain, a transmembrane domain, and an intracellular tyrosine kinase domain. The N-terminal extracellular region contains four cadherin-like repeats (CDH1–4) and
a membrane-proximal cysteine-rich domain, which is crucial for protein conformation and ligand binding. The C-terminal intracellular domain consists of a tyrosine
kinase domain and isoform-specific tails. There are three isoforms of RET formed by alternative splicing: RET9, RET43, and RET51, containing 9, 43, and 51 C-terminal
amino acids, respectively. RET receptor’s ligands belong to the glial cell line–derived neurotrophic factor (GDNF) family ligands, and consist of GDNF, neurturin
(NRTN), artemin (ARTN), and persephin (PSPN). A peculiar characteristic of RET receptor, which distinguishes it fromother RTKs, is that it does not bind directly to its
ligands (the GFLs), but it needs a cofactor, a protein belonging to the growth factor receptor-alfa (GFRa) family. The GFRa family receptors GFRa1, GFRa2, GFRa3,
and GFRa4 bind with high affinity and specificity to RET ligands GDNF, NRTN, ARTN, and PSPN, respectively. The GFRa family coreceptors bind to GFLs forming a
binary complex, which then recruits RET allowing its dimerization and autophosphorylation on intracellular tyrosine residues with subsequent activation of multiple
downstream pathways like RAS-MAPK, PI3K-AKT, JAK-STAT, and PKC involved in cell proliferation, growth, differentiation, and survival.
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161 Mutations in tyrosine kinase domain have also been described in
162 MEN2A and FMTC (E768D and L790F in exon 13, and V804L and
163 V804M in exon 14) and are generally associated with more indolent
164 disease or later disease onset (Fig. 3). Because of the overlapping
165 mutational patterns in the extracellular and kinase domains between
166 these two diseases, FMTC is also viewed as a phenotypic variant of
167 MEN2A with decreased penetrance.
168 Somatic RET mutations are also found in other thyroid malignan-
169 cies such as anaplastic thyroid carcinoma (4.3%), melanoma (6.6%),
170 desmoplastic melanoma (20%), cutaneous squamous cell carcinoma
171 (10%), colorectal cancer (3.6%–6.9%), paraganglioma, breast cancer,
172 and ureter urothelial carcinoma (39).

173 RET overexpression and amplification
174 Overexpression of wild-type RET receptor has been found in many
175 tumors (40). ERaþ breast cancers express RET protein in 30%–70% of
176 the cases, with higher expressions correlating with aggressive behavior,
177 metastasis, and resistance to endocrine therapy (41). There is a cross-
178 talk betweenRET andERapathway and targetingRET sensitizes breast
179 cancer cells to tamoxifen (42). Nevertheless, targeting RET pathway in
180 breast cancer has been limited to only preclinical studies as of now (43).
181 RET and its ligands are expressed in 40%–65% of pancreatic ductal
182 adenocarcinomas and they are associated with tumor regional inva-

184sion, perineural spread, poor prognosis, and reduced overall surviv-
185al (11, 40). RET is overexpressed in patients with surgically resected
186pancreatic cancer and correlates with lymphatic invasion and poor
187survival (44).
188RET expression has been found in several other tumor types
189including prostate cancer, colorectal cancer, myeloid tumors, mela-
190noma, renal cell carcinoma, and head and neck tumors, although their
191clinical relevance is still not known (40).
192RET copy-number gains or amplifications are found in different
193tumors (45), in particular in lung cancer (46, 47), but it does not
194correlate with overall RET expression (45). Its clinical significance
195remains unclear as a retrospective study done on four randomized
196phase IIINSCLC trials did not find any difference in objective response
197in terms of RET copy-number gains (48).

198Diagnosis of RET Alterations
199RET alterations have been traditionally found by analyzing tumor
200biopsies using classical methods such as RT-PCR, IHC, and break-
201apart FISH (20, 49). Liquid biopsy coupled with NGS represents the
202modern noninvasive alternative, which can detect multiple genomic
203alterations (mutations, indel, amplification, and rearrangement)
204simultaneously (50). Recently, KIF5B-RET rearrangement was
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Figure 3.

Mutations and fusions inRETgene in solid tumors (6–8, 24–29, 32–36). RET-fusions associatedwith the tumors of various organs (left). TheRETmutational landscape
in MEN2 syndromes and FMTC, where they occur very frequently (right). The sites of the occurrences of MEN2 and FMTC are shown in the top, left of the right panel.
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207 detected from liquid biopsy of 2 patients with lung cancer previously
208 tested negative for drivermutations (51), and this technique was found
209 to be 100% specific and 98% concordant with tissue-based testing in a
210 larger cohort (52). Liquid biopsy has been successfully used to detect
211 RET-M918Tmutation with prognostic significance in circulating cell-
212 free DNA (cfDNA; ref. 53). Another analysis conducted on 32,989
213 patients with advanced tumor using cfDNAassay detected 176 somatic
214 activating RET alterations including 143 fusions and 33 missense
215 mutations (54). cfDNA assays represent a promising alternative to
216 invasive biopsies as a surrogate marker for multiple indications in
217 cancer including diagnosis, prognosis, and monitoring (55).

218 RET-Targeted Therapies
219 A variety of multikinase inhibitors (MKI), which show anti-RET
220 activities, but more potently inhibit other kinase targets such as
221 VEGFR2, KIT, PDGFR, EGFR, MET, and BRAF, have been tested in
222 RETþ solid tumors, in particular in NSCLC and thyroid cancers.
223 Because of their multi-target inhibition, it is very difficult to establish
224 whether their antitumor activity was primarily induced by RET
225 inhibition or by inhibition of other kinase targets. These drugs, in
226 fact, were not designed to target RET, but showed biochemical
227 activities against it (Table 1; ref. 56) and thus were repurposed.

228 MKIs in RET-rearranged NSCLC
229 MKIs cabozantinib, vandetanib, lenvatinib, and RXDX-105 have
230 been evaluated in phase II studies in pretreated RET-rearranged
231 NSCLC patients (57–61). These drugs have shown modest clinical
232 activities with ORR, mPFS, and mOS ranging from 16%–47%,
233 4.5–7.3 months, and 9.9–11.6 months, respectively, in these studies
234 (Table 2). These results are better than those observedwith single-drug
235 chemotherapy administered in unselected patients with advanced
236 NSCLC after failure from initial platinum-based doublet therapy,
237 but they are far inferior to the data obtained with EGFR, ALK,
238 and ROS1 inhibitors with an attested ORR of 72%–83% and mPFS
239 of 19–35 months (62).
240 Some of these studies also evaluated the clinical responses according
241 to the fusion partners. The most common fusions described were
242 KIF5B-RET followed by CCDC6-RET. In vandetanib trial (59),
243 response rate was much better in CCDC6-RET–fused tumors com-
244 pared with KIF5B-RET (83% vs. 20%), which was also reflected in
245 bettermPFS (8.3 vs. 2.9) andmOS (not reached vs. 11.1months). Also,
246 RXDX-105 (61) trial showed better response in non-KIF5B-RET
247 subgroup (ORR: 67% vs. 0%). Preclinically, it has been shown that
248 KIF5B-RET fusion is responsible for 2- to 30-fold increase in RET
249 expression that needs to be blocked by kinase inhibitors (3).
250 Another retrospective study involving global multicenter registry
251 evaluated the clinical activities of different MKIs in patients with RET-
252 rearranged NSCLC. The results of this study were similar to the data
253 obtainedwith the sameMKIs tested in phase II trials in terms of clinical
254 outcome. Partial responses (PR) were obtained by cabozantinib (26%),

256vandetanib (18%), sunitinib (22%), and lenvatinib (50%; 1/2 patient),
257whereas complete responses were very few [cabozantinib (5%) and
258nintedanib (50%; 1/2 patient)]. mPFS andmOS were 2.3 months [95%
259confidence interval (CI), 1.6–5.0 months] and 6.8 months (95%
260CI, 3.9–14.3 months), respectively (63). The clinical outcomes were
261not statistically different according to the different upstream partners
262(KIF5B, CCDC6, and EPHA5). However, the presence ofKIF5B fusion
263partner was more commonly observed in patients with brain
264metastases (21, 63).
265Overall, MKIs show modest clinical benefit in RET-rearranged
266NSCLC. Moreover, the lack of target specificity is responsible for
267increased toxicity with the consequence of drug dose reduction or
268treatment discontinuation. In fact, the dose reduction rate ranged from
26923% to 79% and the treatment discontinuation rate was from 8% to
27021% in these trials (57–61, 63). However, these results should be
271further investigated as the small sample sizes of these studies and the
272retrospective nature of one of the studies do not allow to make
273definitive conclusions.

274MKIs in thyroid cancers
275Several MKIs showing anti-RET activities have also been tested in
276clinical trials in patients with thyroid cancer. However, unlike NSCLC,
277the patient selection criteria were not based on aberration in RET gene
278in these trials. Thus, it is not possible to get a definitive answer about
279their activities and clinical efficacies. Nevertheless, some of RETþ

280patients were also enrolled in these trials, which allowed post hoc
281subgroup analyses giving some clue regarding the MKIs’ activities in
282RETþ thyroid cancers.
283Cabozantinib and vandetanib, two of the MKIs also tested in
284NSCLC, are approved for first-line treatment in MTC based on the
285results of EXAM (64, 65) and ZETA (66) trials, respectively (Table 2);
286although the drug approval was independent from RET alteration
287status. In the EXAM trial, cabozantinib increased the ORR (28% vs.
2880%; P < 0.001) andmPFS compared with placebo (11.2 vs. 4.0 months;
289HR, 0.28; 95% CI, 0.19–0.40; P < 0.001) with a nonsignificant increase
290in overall survival (OS; 26.6 vs. 21.1 months; HR, 0.98; 95% CI, 0.63–
2911.52). Retrospective analysis of EXAM trial data (65, 67) showed that
292the presence of RET M918T mutation compared with the absence of
293this alteration was associated with a benefit in terms of ORR (34% vs.
2942%), progression-free survival (PFS; 14.2 vs. 5.8 months), and OS
295(44.3 vs. 20.2 months; Table 2). The presence of M918T mutation
296results in increased ATP binding and receptor activation (37, 38), and
297cabozantinib as well as vandetanib are shown to be effective against
298M918T in biochemical assays (Table 1).
299ZETA (66) trial demonstrated that vandetanib prolonged the mPFS
300compared with placebo (30.5 vs. 19.3 months; P ¼ 0.001) and also
301demonstrated a statistically significant improvement in ORR (45% vs.
30213%; P < 0.001). In this clinical trial, there were a large number of
303patients with unknown RET mutational status due to insufficient
304biological material useful to allow this analysis. Nevertheless, in the
305subgroup analysis, the presence of M918T mutation was again

Table 1. Biochemical IC50 values (in nmol/L) of MKIs and new selective RET inhibitors.Q7

Drug RET VEGFR2 V804L V804M M918T CCDC6-RET

Cabozantinib 11 2 45 162 8 34
Vandetanib 4 4 3,597 726 7 20
Pralsetinib 0.4 35 0.3 0.4 0.4 0.4
Selpercatinib 0.2–12.5 100 — 0.8 0.7 —
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308 associated with a better ORR compared with the group without this
309 alteration (54.5% vs. 30.9%).
310 Other MKIs with anti-RET activities like sorafenib, lenvatinib,
311 sunitinib, dovitinib, and motesanib have also been tested in phase II
312 clinical trials in thyroid cancers (68–72). In the global population,
313 regardless of theRET alteration status, ORRandmPFS ranged from2%
314 to 36% and 5.4 to 17.9 months, respectively (Table 2). Some of these
315 studies did perform post hoc RET subgroup analyses, but no significant
316 correlation with tumor response was found in these subgroups of
317 patients (68, 69, 72). In motesanib trial (72), which contained the
318 highest number of RETþ patients, the ORRwas 0% in 33RETþ tumors
319 compared with 8% in 13 RET wild-type tumors.
320 In conclusion, cabozantinib and vandetanib seem to give better
321 results for some specific RETþ cases in thyroid cancer, but this

323hypothesis needs to be verified in prospective trials in RETþ selected
324patients. It is also noteworthy that the side effects recorded
325with these drugs are not negligible and are similar to NSCLC trials.
326The treatment discontinuation rate was 12% with vandetanib and
32716% with cabozantinib, while 35% treated with vandetanib and 79%
328treated with cabozantinib required dose reduction because of
329adverse events.

330New Selective RET Inhibitors in Clinical
331Trials (Selpercatinib and Pralsetinib)
332The limited activities and increased toxicities of MKIs in RETþ

333cancers, responsible for dose reduction and/or treatment discontin-
334uation, in part, are explained by their off-target activities. New selective

Table 2. Clinical trials with MKIs in lung and thyroid cancer.

MKIs Study phase All pts Treatment group ORR (%)a mPFS (mos.) mOS (mos.) TRAEs all grades (%)b

Lung cancer
Vandetanib (57)c II 18 Vandetanib 3/17 (18) 4.5 11.6 Hypertension 16/18 (89)

Rash 13/18 (72)
Cabozantinib (58) II 26 Cabozantinib 7/25 (28) 5.5 9.9 ALT increased 25/26 (96)

AST increased 19/26 (73)
Vandetanib (59)c II 34 Vandetanib 9/19 (47) 4.7 11.1 Hypertension 16/34 (84)

Diarrhea 15/34 (79)
Lenvatinib (60) II 25 Lenvatinib 4/25 (16) 7.3 na Hypertension 17/25 (68)

Nausea 15/25 (60)
RXDX-105 (61) II 81 RXDX-105 6/31 (19) nr nr Fatigue 38/152 (25)

Diarrhea 37/152 (24)
Thyroid cancer

Sorafenib (68) II 21 Sorafenib 1/15 (6) 17.9 nr HFSR 19/21 (90)
Rash (non-HFSR) 18/21 (86)

Lenvatinib (69) II 59 Lenvatinib 21/59 (36) 9.0 16.6 Diarrhea 44/59 (75)
Proteinuria 35/59 (59)

Sunitinib (70) II 71 Sunitinib 19/71 (27) na na Asthenia/fatigue 59/71 (83)
Mucosal AE 46/71 (65)

Dovitinib (71) II 40 Dovitinib 8/39 (20) 5.4 nr Diarrhea 21/39 (54)
Anorexia (36)

Motesanib (72) II 91 Motesanib 2/91 (2) 12 na Thyroid dysfunctions 76/91 (83)
Diarrhea 37/91 (41)
Fatigue 37/91 (41)

Vandetanib (66) III 331 Vandetanib 104/231 (45) 30.5 na Diarrhea 130/231 (56)
Placebo 13/100 (13) 19.3 Rash 104/231 (45)

Cabozantinib (64, 65, 67) III 330 Cabozantinib 58/208 (28) 11.2 26.6 Diarrhea 135/214 (63)
Placebo 0/104 (0) 4.0 21.1 PPE 107/214 (50)
Mutational subgroups
Cabozantinib

RET MUTþ 32/101 (32) 14 —

RET MUT� 7/32 (22) 5.8 —

RET M918Tþ 26/77 (34) 14.2 44.3
RET M918T� 14/69 (2) 5.8 20.2

Placebo
RET M918Tþ — — 18.9
RET M918T� — — 21.5

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HFSR, hand-foot-skin reaction; mos, months; MUT, mutation; na,
not available; nr, not reached; Pts, patients.
aData refers only to patients evaluable for response.
bData refers to the top two TRAEs (in terms of %). In RXDX-105 trial, TRAEs refer to all population included in the study (lung cancer, thyroid cancer, and
gastrointestinal cancer). In dovitinib trial, they were evaluated in a total of 39 patients because 1 patient withdrew before study drug administration.
cThe two vandetanib trials are different in terms ofmethods employed to detect RET alteration. In the Korean study by Lee and colleagues (57), FISHwas used, while
RT-PCR followed by FISH was used in LURET study (59). In the Korean study, the prevalence of RET rearrangement was much higher than that reported in patients
with NSCLC. Consequently, it is possible that some false positive patients were included that can explain the lower response rate observed in this study.
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337 RET inhibitors, selpercatinib and pralsetinib, might solve off-target
338 toxicity problems as they inhibit more potently and selectively both
339 wild-type RET and RETþ cancer cell lines in biochemical assays
340 (Table 1; ref. 56). These data formed the basis for the first-in-
341 human phase I/II trial of these drugs in RETþ tumors.

342 Selpercatinib (retevmo or LOXO-292)
343 A phase I/II, open-label, first-in-human study (LIBRETTO-001), is
344 evaluating selpercatinib in patients with RETþ advanced solid tumors
345 (ClinicalTrials.gov Id: NCT03157128). On the basis of the early
346 impressive data of this trial, selpercatinib has been granted “accelerated
347 approval” by FDA onMay 8, 2020 for metastatic RET-fusionþNSCLC
348 and MTC and RET-mutant MTC.
349 In 105 patients with RET-fusionþNSCLC pretreated with platinum
350 chemotherapy, many of whom were heavily pretreated with other
351 agents, the ORR was 64% (95% CI, 54%–73%) according to the data
352 presented to the FDA (73). Responses were observed regardless of
353 previous MKI or immune checkpoint inhibitor therapy. The median
354 duration of response (DoR) was 17.5months (95%CI, 12–NEmonths;
355 NE, not estimable). In 39 treatment-na€�ve patients, the ORR was 85%
356 (95% CI, 70%–94%), and the median DoR was not reached. Selperca-
357 tinib was also effective in patients with advanced and metastatic
358 thyroid cancer. In 55 patients with RET-mutant MTC who previously
359 received cabozantinib and/or vandetanib, the ORR was 69% (95% CI,
360 55%–81%). In 88 treatment-na€�ve patients, the ORRwas 73% (95%CI,
361 62%–82%) and the median DoR was 22.0 months (95% CI, NE–NE).
362 The ORR in 19 evaluable previously treated RET-fusionþ thyroid
363 cancer patients was 79% (95% CI, 54%–94%), whereas the ORR in 8
364 systemic therapy–na€�ve patients was 100% (95% CI, 63–100%). The
365 median DoRwas 18.4 months (95%CI, 7.6–NEmonths) in the former
366 and it was not reached in the latter.
367 The LIBRETTO study also evaluated plasma clearance of RET
368 alterations using circulating cfDNA in 34 patients with a detectable
369 pretreatment RET alteration in plasma. The RET alteration allele
370 frequency in plasma decreased by a median of 96% with complete
371 clearance in 15 patients (44%; ref. 74).

373In the larger safety dataset of 531 patients who received selpercatinib
374regardless of cancer type or RET alteration status, treatment emergent
375adverse events were mostly of grade 1–2 with a discontinuation rate of
3765% (73).

377Pralsetinib (BLU-667)
378Preliminary results of phase I/II ARROW trial (NCT03037385)
379conducted with pralsetinib in RET-altered tumors showed that pral-
380setinib is more active and tolerable compared with MKIs in NSCLC
381and thyroid cancer (refs. 75, 76; Table 3). A recent update of NSCLC
382cohort (data cut-off date of November 18, 2019) reconfirmed the
383activity and tolerability of this drug. Patients withRET fusionþNSCLC
384were treated with pralsetinib at the recommended phase II dose of
385400mg once daily. Pralsetinibwas effective in treatment-na€�ve patients
386(ORR, 73%) as well as patients pretreated with platinum-based
387chemotherapy (ORR, 61%; Table 3). Importantly, pralsetinib
388appeared active regardless of prior immunotherapy, kind of RET
389fusion partner, and presence of intracranial metastases. Furthermore,
39078% (7/9) of patients with RET fusionþ NSCLC with measurable
391baseline brain metastases at study entry demonstrated shrinkage of
392intracranial metastases, suggesting penetration of this agent into the
393central nervous system. Data on DoR and PFS have not been reported
394to date. Pralsetinib was also effective in removing circulating tumor
395DNA (ctDNA) from plasma. After 8 weeks of treatment with pralse-
396tinib, RET ctDNA was reduced ≥50% for 90% of patients with
397NSCLC (77). Considering these encouraging results, pralsetinib is
398currently being evaluated in the phase III clinical trial AcceleRET
399(NCT04222972) in patients with RET-fusionþ metastatic NCLSC.
400In addition to NSCLC, pralsetinib also demonstrated promising
401clinical activity in RETþ thyroid cancers (Table 3; ref. 76).
402Sixty-four patients with advanced MTC harboring different RET
403mutations and 9 patients with RET fusionþ PTC received pralsetinib
404400 mg once daily. The majority of patients with MTC (67%) received
405cabozantinib and/or vandetanib as previous therapy. Among 32
406response evaluable MTC patients (as per data cutoff of April 28,
4072019), the confirmed ORR was 56%. Among 6 response evaluable

Table 3. Clinical trials with new selective RET inhibitors in lung and thyroid cancer.

RET inhibitors Tumor type All pts Fusion or mutation types (%) ORR (%)a TRAEs all grades (%)b

Selpercatinib (73) Lung 253 KIF5B 149/253 (59) Treatment na€�ve 33/39 (85) nrc

Non-KIF5B 76/253 (30) Pretreated 67/105 (64)
Unknown 28/253 (11)

Pralsetinib (75) Lung 120 KIF5B 79/120 (66) Treatment na€�ve 19/26 (73) Neutropenia 31/120 (26)
Non-KIF5B 18/120 (15) Pretreated 49/80 (61) AST increased 24/120 (20)
Unknown 23/120 (19)

Selpercatinib (73) Thyroid 226 M918T 129/226 (57) Treatment na€�ve 64/88 (73) nrc

Non-M918T 97/226 (43) Pretreated 38/55 (69)
27 CCDC6 14/27 (52) Treatment na€�ve 8/8 (100)

Non-CCDC6 13/27 (48) Pretreated 15/19 (79)
Pralsetinib (76) Thyroid 64 M918T 36/64 (56) 18/32 (56) Hypertension 19/64 (30)

Non-M918T 28/64 (44) Neutropenia 15/64 (23)
9 CCDC6 4/9 (44) 5/6 (83)

Non-CCDC6 5/9 (56)

Abbreviations: ALT, alanine aminotransferase increased; AST, aspartate aminotransferase; mos, months; nr, not reached; Pts, patients.
aData refer only to patients evaluable for response. For pralsetinib study, the data refer to date cutoff of November 18, 2019 for lung cancer group and ofApril 28, 2019
for thyroid cancer group, after confirmed by central independent blinded review.
bTRAEs were presented for the safety evaluable cohort of patients. In the table, we report TRAEs recorded in ≥20% of patients.
cNot reported for patients’ subgroups, but for the total populations. Most commons TRAEs included increased AST (51%), increased ALT (45%), dry mouth (39%),
diarrhea (37%), increased creatinine (37%), hypertension (35%), fatigue (35%), peripheral edema (33%), and constipation (25%).
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410 patients with RET fusionþ PTC the ORR was 83% (76). Importantly,
411 responses occurred regardless of prior MKI therapy (prior
412 cabozantinib/vandetanib: 63% confirmed ORR) or RET genotype
413 (PR in 2/3 evaluable patients with V804M). All responding patients
414 remained on treatment at the time of data cutoff (median DoR not yet
415 reached). RET ctDNA was reduced ≥50% for 83% of patients with
416 MTC harboring somatic RET mutations after 8 weeks of treatment
417 with pralsetinib (77).
418 Among those patients treated at recommended phase II dose,
419 treatment-related adverse events (TRAE) were generally low grade
420 and reversible (Table 3). Across the entire study (N¼ 354) population,
421 the rate of discontinuation due to TRAEs was relatively low at 4% (75).
422 The FDA has granted “breakthrough therapy designation” to
423 pralsetinib based on these data.

424 Resistance to anti-RET Therapy and
425 Future Perspectives in Drug
426 Development
427 The mechanisms of acquired resistance to first-generation selec-
428 tive RET inhibitors is not yet fully known. Preclinical studies have
429 shown that the acquired gatekeeper mutation V804L is associated
430 with resistance to anti-RET MKI therapy and selpercatinib was
431 specifically designed to overcome that (78). Other studies show that
432 RET solvent front mutations (SFM) (G810A/S, G810R, and G810C)
433 are responsible for the acquired resistance to vandetanib and
434 selpercatinib (79, 80).
435 The next-generation RET inhibitors are being designed not only to
436 overcome the acquired resistances but also to inhibit RET more
437 potently and selectively. TPX-0046 is a potent and selective next-
438 generation RET/SRC inhibitor with activities toward different RET
439 mutations including theG810R SFM(79). BOS172738 is another novel
440 RET inhibitor with nanomolar potency against RET and approxi-
441 mately 300-fold selectivity against VEGFR2 (81).
442 A further therapeutic strategy being studied in RETþ tumors is the
443 combination of anti-RET therapy with other targeted agents. Preclin-
444 ical studies show that adding mTOR inhibitor, everolimus, to MKIs
445 reduces cell growth in RET-altered solid tumors by inhibiting PI3K-
446 AKT, which is a downstream pathway that could confer resistance to
447 these drugs (82, 83). It has also been shown that EGFR tyrosine kinase
448 inhibitor, gefitinib, resensitizes cancer cells to RET inhibitors, even in
449 the presence of EGF (84). Finally, the combination of an anti-MDM2
450 agent with RET inhibitors could be explored because MDM2 ampli-
451 fication, which blocks the activity of tumor suppressor gene p53, has
452 been observed in tumor sample of patients treated with RET
453 inhibitors (85).

454 Conclusion
455 In recent years, RET proto-oncogene is gaining increasing clinical
456 relevance. In fact, it has moved forward from being an orphan
457 receptor to an important candidate for highly selective targeted
458 therapy. In the past, this gene was considered mainly for the early
459 diagnosis of hereditary MTC by detection of germline oncogenic
460 mutation. But increasing evidences show that aberrantly activated
461 RET is a critical driver of tumor growth and proliferation across a
462 broad spectrum of tumors, with mutations and fusions as the most
463 common alterations responsible for its oncogenic activation. MKIs
464 previously achieved suboptimal outcomes in patients with RETþ

466cancers, reflecting the lack of target specificity and consequently
467increased side effects that made chronic dosing challenging. With
468the advent of new highly selective RET inhibitors, pralsetinib and
469selpercatinib, which achieved improved response rates, more dura-
470ble disease control, and favorable safety profile compared with
471MKIs, RET alterations have become increasingly more relevant in
472the clinics. The highly selective targeting of RET using precision
473medicine is setting a new paradigm for personalized cancer care in
474RETþ tumors.

475Disclosure of Potential Conflicts of Interest Q8

476J.F. Gainor reports personal fees from Q9Blueprint, Loxo/Lilly, Bristol-Myers Squibb,
477Merck, Genentech/Roche, Takeda, Oncorus, Regeneron, Gilead, AstraZeneca, Pfizer,
478Agios, Amgen, and Array, grants from Novartis, and other from Ironwood (imme-
479diate family member–employee) outside the submitted work. F.P. Llorca reports
480personal fees from Lilly and grants and personal fees from Illumina during the
481conduct of the study, and Bayer and Pfizer (outside the submitted work), as well as
482grants, personal fees, and nonfinancial support from AstraZeneca, Bristol-Myers
483Squibb, MSD, and Roche, and personal fees and nonfinancial support from Novartis
484outside the submitted work. V. Subbiah reports grants from LOXO/Eli Lilly (clinical
485trials support), Blueprint Medicines (clinical trials support), Turning Point Thera-
486peutics (clinical trials support), Roche/Genentech (clinical trials support), Novartis
487(clinical trials support), Bayer (clinical trials support), GlaxoSmithKline (clinical trials
488support), Nanocarrier (clinical trials support), Vegenics (clinical trials support),
489Dragonfly (clinical trials support), Boston Pharmaceuticals (clinical trials support),
490and Helsinn (clinical trials support) during the conduct of the study; other from
491LOXO Oncology (advisory board) and Novartis (advisory board) outside the
492submitted work, as well as other research funding and grant support from Celgene,
493Northwest Biotherapeutics, Berg Health, Incyte, Fujifilm, PharmaMar, D3, Pfizer,
494MultiVir, Amgen, AbbVie, Alfa-sigma, Agensys, Boston Biomedical, Idera Pharma-
495ceuticals, InhibRx, Exelixis, Medimmune, Altum, Takeda, National Comprehensive
496Cancer Network, NCI-CTEP, and UT MD Anderson Cancer Center, travel support
497from Novartis, PharmaMar, ASCO, ESMO, Helsinn, and Incyte, consultant/advisory
498board relationships with Helsinn, LOXOOncology/Eli Lilly, R-PharmaUS, INCYTE,
499QED Pharma, Medimmune, and Novartis, and other remuneration from Medscape.
500A. Drilon reports personal fees from Loxo/Lilly (honoraria), Blueprint (honoraria),
501and Exelixis (honoraria) during the conduct of the study, and Ignyta/Genentech/
502Roche (honoraria/ad board), Bayer (honoraria/ad board), Takeda/Ariad/Millenium
503(honoraria/ad board), TP Therapeutics (honoraria/ad board), AstraZeneca (hono-
504raria/ad board), Pfizer (honoraria/ad board), Helsinn (honoraria/ad board), BeiGene
505(honoraria/ad board), BerGenBio (honoraria/ad board), Hengrui (honoraria/ad
506board), Tyra (honoraria/ad board), Verastem (honoraria/ad board), MORE Health
507(honoraria/ad board), AbbVie (honoraria/ad board), 14ner/Elevation Oncology
508(honoraria/ad board/SAB), Remedica Ltd. (honoraria/ad board), ArcherDX (hono-
509raria/ad board), and Monopteros (honoraria/ad board) outside the submitted work,
510as well as reports a patent for Pocket Oncology andUpToDate (Wolters Kluwer) with
511royalties paid fromWolters Kluwer, other fromMerck (food/beverage), Puma (food/
512beverage), Merus (food/beverage), and Boehringer Ingelheim (food/beverage), and
513CME honoraria from Medscape, OncLive, PeerVoice, Physicians Education
514Resources, Targeted Oncology, Research to Practice, Axis, PeerView Institute,
515ParadigmMedical Communications, andWebMD. F. Andr�e reports speaker/advisor
516(compensated to institution) for AstraZeneca, Novartis, Pfizer, Daiichi Sankyo, Lilly,
517and Roche Genentech, research grants from AstraZeneca, Novartis, Pfizer, Daiichi
518Sankyo, Lilly, and Roche Genentech, and is a founder of Pegacsy. G. Curigliano
519reports other from Blueprint Medicines (institutional grant for clinical trial at IEO)
520during the conduct of the study, as well as other from Bristol-Myers Squibb (steering
521committee member), AstraZeneca (steering committee member), Roche (advisory
522board), Ellipsis (advisory board), Novartis (advisory board), Lilly (advisory board),
523and Pfizer (advisory board) outside the submitted work. No potential conflicts of
524interest were disclosed Q10by the other authors.

525Acknowledgments
526We thank Shikha Patel of SandStrom Infotech (www.sand-strom.com) for helping
527us with the illustrations.

528Received April 24, 2020; revised June 8, 2020; accepted July 10, 2020; published first
529xx xx, xxxx.

Belli et al.

Clin Cancer Res; 26(23) December 1, 2020 CLINICAL CANCER RESEARCH8

http://www.sand-strom.com
Z01137
Testo inserito
The COI disclosure statement was completed and signed off by each individual author. "Other" refers to no personal and direct fee

Z01137
Barra

Z01137
Sottolineato

Z01137
Font monospazio
Penault-Llorca

Z01137
Testo inserito
I cannot find in the text the patent information you mentioned

Z01137
Testo inserito
The COI statements have been reviewed and are correct



532 References
533 1. Takahashi M, Ritz J, Cooper GM. Activation of a novel human transforming
534 gene, ret, by DNA rearrangement. Cell 1985;42:581–8.
535 2. Romei C, Elisei R. RET/PTC translocations and clinico-pathological features in
536 human papillary thyroid carcinoma. Front Endocrinol 2012;3:54.
537 3. KohnoT, IchikawaH, Totoki Y, Yasuda K,HiramotoM,NammoT, et al. KIF5B-
538 RET fusions in lung adenocarcinoma. Nat Med 2012;18:375–7.
539 4. Takeuchi K, Soda M, Togashi Y, Suzuki R, Sakata S, Hatano S, et al. RET, ROS1
540 and ALK fusions in lung cancer. Nat Med 2012;18:378–81.
541 5. Lipson D, Capelletti M, Yelensky R, Otto G, Parker A, Jarosz M, et al. Iden-
542 tification of new ALK and RET gene fusions from colorectal and lung cancer
543 biopsies. Nat Med 2012;18:382–4.
544 6. Donis-Keller H, Dou S, Chi D, Carlson KM, Toshima K, Lairmore TC, et al.
545 Mutations in the RET proto-oncogene are associated with MEN 2A and FMTC.
546 Hum Mol Genet 1993;2:851–6.
547 7. Hofstra RM, Landsvater RM, Ceccherini I, Stulp RP, Stelwagen T, Luo Y, et al. A
548 mutation in the RET proto-oncogene associated with multiple endocrine
549 neoplasia type 2B and sporadic medullary thyroid carcinoma. Nature 1994;
550 367:375–6.
551 8. Kato S, Subbiah V,Marchlik E, Elkin SK, Carter JL, Kurzrock R. RET aberrations
552 in diverse cancers: next-generation sequencing of 4,871 patients. Clin Cancer Res
553 2017;23:1988–97.
554 9. Zehir A, Benayed R, Shah RH, Syed A, Middha S, Kim HR, et al. Mutational
555 landscape of metastatic cancer revealed from prospective clinical sequencing of
556 10,000 patients. Nat Med 2017;23:703–13.
557 10. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, et al. The cBio
558 cancer genomics portal: an open platform for exploringmultidimensional cancer
559 genomics data. Cancer Discov 2012;2:401–4.
560 11. Mulligan LM. RET revisited: expanding the oncogenic portfolio. Nat Rev Cancer
561 2014;14:173–86.
562 12. Santoro M, Carlomagno F. Central role of RET in thyroid cancer. Cold Spring
563 Harb Perspect Biol 2013;5:a009233.
564 13. Richardson DS, Gujral TS, Peng S, Asa SL, Mulligan LM. Transcript level
565 modulates the inherent oncogenicity of RET/PTC oncoproteins. Cancer Res
566 2009;69:4861–9.
567 14. SaitoM, Ishigame T, Tsuta K, Kumamoto K, Imai T, Kohno T. Amousemodel of
568 KIF5B-RET fusion-dependent lung tumorigenesis. Carcinogenesis 2014;35:
569 2452–6.
570 15. Arighi E, Borrello MG, Sariola H. RET tyrosine kinase signaling in development
571 and cancer. Cytokine Growth Factor Rev 2005;16:441–67.
572 16. Williams D. Cancer after nuclear fallout: lessons from the Chernobyl accident.
573 Nat Rev Cancer 2002;2:543–9.
574 17. Nikiforov YE, Rowland JM, Bove KE, Monforte-Munoz H, Fagin JA. Distinct
575 pattern of ret oncogene rearrangements in morphological variants of radiation-
576 induced and sporadic thyroid papillary carcinomas in children. Cancer Res 1997;
577 57:1690–4.
578 18. Hamatani K, Eguchi H, Ito R, Mukai M, Takahashi K, Taga M, et al. RET/PTC
579 rearrangements preferentially occurred in papillary thyroid cancer among
580 atomic bomb survivors exposed to high radiation dose. Cancer Res 2008;68:
581 7176–82.
582 19. Cancer Genome Atlas Research Network. Integrated genomic characterization
583 of papillary thyroid carcinoma. Cell 2014;159:676–90.
584 20. Wang R, Hu H, Pan Y, Li Y, Ye T, Li C, et al. RET fusions define a unique
585 molecular and clinicopathologic subtype of non-small-cell lung cancer. J Clin
586 Oncol 2012;30:4352–9.
587 21. Drilon A, Lin JJ, Filleron T, Ni A, Milia J, Bergagnini I, et al. Frequency of brain
588 metastases andmultikinase inhibitor outcomes in patients with RET-rearranged
589 lung cancers. J Thorac Oncol 2018;13:1595–601.
590 22. DrilonA, Bergagnini I, Delasos L, Sabari J,WooKM, Plodkowski A, et al. Clinical
591 outcomes with pemetrexed-based systemic therapies in RET-rearranged lung
592 cancers. Ann Oncol 2016;27:1286–91.
593 23. Offin M, Guo R, Wu SL, Sabari J, Land JD, Ni A, et al. Immunophenotype and
594 response to immunotherapy of RET-rearranged lung cancers. JCO Precis Oncol
595 2019;3Q11 .
596 24. Takeuchi K. Discovery stories of RET fusions in lung cancer: a mini-review.
597 Front Physiol 2019;10:216.
598 25. Pietrantonio F, Di Nicolantonio F, Schrock AB, Lee J, Morano F, Fuca G, et al.
599 RET fusions in a small subset of advanced colorectal cancers at risk of being
600 neglected. Ann Oncol 2018;29:1394–401.

60226. Paratala BS, Chung JH, Williams CB, Yilmazel B, Petrosky W, Williams K, et al.
603RET rearrangements are actionable alterations in breast cancer. Nat Commun
6042018;9:4821.
60527. Ballerini P, Struski S, Cresson C, Prade N, Toujani S, Deswarte C, et al. RET
606fusion genes are associated with chronicmyelomonocytic leukemia and enhance
607monocytic differentiation. Leukemia 2012;26:2384–9.
60828. Wiesner T, He J, Yelensky R, Esteve-Puig R, Botton T, Yeh I, et al. Kinase fusions
609are frequent in Spitz tumours and spitzoid melanomas. Nat Commun 2014;5:
6103116.
61129. Grubbs EG, Ng PK, Bui J, Busaidy NL, Chen K, Lee JE, et al. RET fusion as a
612novel driver of medullary thyroid carcinoma. J Clin Endocrinol Metab 2015;
613100:788–93.
61430. Raue F, Frank-Raue K. Update on multiple endocrine neoplasia type 2: focus on
615medullary thyroid carcinoma. J Endocr Soc 2018;2:933–43.
61631. Marx SJ. Molecular genetics of multiple endocrine neoplasia types 1 and 2.
617Nat Rev Cancer 2005;5:367–75.
61832. Margraf RL, Crockett DK, Krautscheid PM, Seamons R, Calderon FR, Wittwer
619CT, et al. Multiple endocrine neoplasia type 2 RET protooncogene database:
620repository of MEN2-associated RET sequence variation and reference for
621genotype/phenotype correlations. Hum Mutat 2009;30:548–56.
62233. Santoro M, Carlomagno F, Romano A, Bottaro DP, Dathan NA, Grieco M, et al.
623Activation of RET as a dominant transforming gene by germline mutations of
624MEN2A and MEN2B. Science 1995;267:381–3.
62534. BorrelloMG, SmithDP, Pasini B, Bongarzone I, Greco A, LorenzoMJ, et al. RET
626activation by germline MEN2A and MEN2B mutations. Oncogene 1995;11:
6272419–27.
62835. deGroot JW, Links TP, Plukker JT, Lips CJ, Hofstra RM. RET as a diagnostic and
629therapeutic target in sporadic and hereditary endocrine tumors. Endocr Rev
6302006;27:535–60.
63136. Zbuk KM, Eng C. Cancer phenomics: RET and PTEN as illustrative models.
632Nat Rev Cancer 2007;7:35–45.
63337. Gujral TS, Singh VK, Jia Z, Mulligan LM. Molecular mechanisms of RET
634receptor-mediated oncogenesis in multiple endocrine neoplasia 2B.
635Cancer Res 2006;66:10741–9.
63638. Plaza-Menacho I, Barnouin K, Goodman K, Martinez-Torres RJ, Borg A,
637Murray-Rust J, et al. Oncogenic RET kinase domain mutations perturb the
638autophosphorylation trajectory by enhancing substrate presentation in trans.
639Mol Cell 2014;53:738–51.
64039. Subbiah V, Roszik J. Towards precision oncology in RET-aberrant cancers.
641Cell Cycle 2017;16:813–4.
64240. Mulligan LM. GDNF and the RET receptor in cancer: new insights and
643therapeutic potential. Front Physiol 2018;9:1873.
64441. Gattelli A, Nalvarte I, Boulay A, Roloff TC, Schreiber M, Carragher N, et al. Ret
645inhibition decreases growth and metastatic potential of estrogen receptor
646positive breast cancer cells. EMBO Mol Med 2013;5:1335–50.
64742. Plaza-Menacho I, Morandi A, Robertson D, Pancholi S, Drury S, Dowsett M,
648et al. Targeting the receptor tyrosine kinase RET sensitizes breast cancer cells to
649tamoxifen treatment and reveals a role for RET in endocrine resistance.
650Oncogene 2010;29:4648–57.
65143. Gattelli A, Hynes NE, Schor IE, Vallone SA. Ret receptor has distinct alterations
652and functions in breast cancer. JMammary Gland Biol Neoplasia 2020;25:13–26.
65344. Zeng Q, Cheng Y, Zhu Q, Yu Z, Wu X, Huang K, et al. The relationship between
654overexpression of glial cell-derived neurotrophic factor and its RET receptor
655with progression and prognosis of human pancreatic cancer. J Int Med Res 2008;
65636:656–64.
65745. Ohshima K, Hatakeyama K, Nagashima T, Watanabe Y, Kanto K, Doi Y, et al.
658Integrated analysis of gene expression and copy number identified potential
659cancer driver genes with amplification-dependent overexpression in 1,454 solid
660tumors. Sci Rep 2017;7:641.
66146. Yang HS, Horten B. Gain of copy number and amplification of the RET gene in
662lung cancer. Exp Mol Pathol 2014;97:465–9.
66347. Tan L, Hu Y, Tao Y, Wang B, Xiao J, Tang Z, et al. Expression and copy number
664gains of the RET gene in 631 early andmid stage non-small cell lung cancer cases.
665Thorac Cancer 2018;9:445–51.
66648. Platt A,Morten J, Ji Q, Elvin P,Womack C, Su X, et al. A retrospective analysis of
667RET translocation, gene copy number gain and expression in NSCLC patients
668treatedwith vandetanib in four randomized phase III studies. BMCCancer 2015;
66915:171.

AACRJournals.org Clin Cancer Res; 26(23) December 1, 2020 9

RET Inhibition in Solid Tumors

Z01137
Testo inserito
Pages 2-12



672 49. Chen F, Clark DP, Hawkins AL, Morsberger LA, Griffin CA. A break-apart
673 fluorescence in situ hybridization assay for detecting RET translocations in
674 papillary thyroid carcinoma. Cancer Genet Cytogenet 2007;178:128–34.
675 50. Ou SI, Nagasaka M, Zhu VW. Liquid biopsy to identify actionable genomic
676 alterations. Am Soc Clin Oncol Educ Book 2018;38:978–97.
677 51. Heukamp L, Menon R, M€uller J, Lakis S, Netchaeva M, Griesinger F, et al. 65P
678 NEOliquid: detection of KIF5B-RET fusions in liquid biopsy samples. J Thorac
679 Oncol 2016;11:S82–S3.
680 52. Muller JN, Falk M, Talwar J, Neemann N, Mariotti E, Bertrand M, et al.
681 Concordance between comprehensive cancer genome profiling in plasma and
682 tumor specimens. J Thorac Oncol 2017;12:1503–11.
683 53. Cote GJ, Evers C, Hu MI, Grubbs EG, Williams MD, Hai T, et al. Prognostic
684 significance of circulating RET M918T mutated tumor DNA in patients with
685 advanced medullary thyroid carcinoma. J Clin Endocrinol Metab 2017;102:
686 3591–9.
687 54. Rich TA, Reckamp KL, Chae YK, Doebele RC, IamsWT, OhM, et al. Analysis of
688 cell-free DNA from 32,989 advanced cancers reveals novel co-occurring acti-
689 vating ret alterations and oncogenic signaling pathway aberrations. Clin Cancer
690 Res 2019;25:5832–42.
691 55. Bronkhorst AJ, Ungerer V, Holdenrieder S. The emerging role of cell-free DNA
692 as a molecular marker for cancer management. Biomol Detect Quantif 2019;17:
693 100087.
694 56. Subbiah V, Gainor JF, Rahal R, Brubaker JD, Kim JL, MaynardM, et al. Precision
695 targeted therapy with BLU-667 for RET-driven cancers. Cancer Discov 2018;8:
696 836–49.
697 57. Lee SH, Lee JK, Ahn MJ, Kim DW, Sun JM, Keam B, et al. Vandetanib in
698 pretreated patients with advanced non-small cell lung cancer-harboring RET
699 rearrangement: a phase II clinical trial. Ann Oncol 2017;28:292–7.
700 58. Drilon A, Rekhtman N, Arcila M, Wang L, Ni A, Albano M, et al. Cabo-
701 zantinib in patients with advanced RET-rearranged non-small-cell lung
702 cancer: an open-label, single-centre, phase 2, single-arm trial.
703 Lancet Oncol 2016;17:1653–60.
704 59. Yoh K, Seto T, Satouchi M, Nishio M, Yamamoto N, Murakami H, et al.
705 Vandetanib in patients with previously treated RET-rearranged advanced
706 non-small-cell lung cancer (LURET): an open-label, multicentre phase 2 trial.
707 Lancet Respir Med 2017;5:42–50.
708 60Q12 . Velcheti V, Hida T, Reckamp KL, Yang JC, Nokihara H, Sachdev P, et al. Phase 2
709 study of lenvatinib (LN) in patients (Pts) with RET fusion-positive adenocar-
710 cinoma of the lung. Ann Oncol 2016;27:416–54.
711 61. Drilon A, Fu S, PatelMR, FakihM,WangD, Olszanski AJ, et al. A phase I/Ib trial
712 of the VEGFR-sparing multikinase RET inhibitor RXDX-105. Cancer Discov
713 2019;9:384–95.
714 62. Arbour KC, Riely GJ. Systemic therapy for locally advanced and metastatic non-
715 small cell lung cancer: a review. JAMA 2019;322:764–74.
716 63. GautschiO,Milia J, FilleronT,Wolf J, CarboneDP,OwenD, et al. TargetingRET
717 in patients with RET-rearranged lung cancers: results from the global, multi-
718 center ret registry. J Clin Oncol 2017;35:1403–10.
719 64. Elisei R, Schlumberger MJ, Muller SP, Schoffski P, Brose MS, Shah MH, et al.
720 Cabozantinib in progressive medullary thyroid cancer. J Clin Oncol 2013;31:
721 3639–46.
722 65. Schlumberger M, Elisei R, Muller S, Schoffski P, Brose M, Shah M, et al. Overall
723 survival analysis of EXAM, a phase III trial of cabozantinib in patients with
724 radiographically progressive medullary thyroid carcinoma. Ann Oncol 2017;28:
725 2813–9.
726 66. Wells SA Jr, Robinson BG, Gagel RF, Dralle H, Fagin JA, Santoro M, et al.
727 Vandetanib in patients with locally advanced or metastatic medullary
728 thyroid cancer: a randomized, double-blind phase III trial. J Clin Oncol
729 2012;30:134–41.
730 67. Sherman SI, Clary DO, Elisei R, Schlumberger MJ, Cohen EE, Schoffski P, et al.
731 Correlative analyses of RET and RASmutations in a phase 3 trial of cabozantinib
732 in patients with progressive, metastatic medullary thyroid cancer. Cancer 2016;
733 122:3856–64.

73568. Lam ET, Ringel MD, Kloos RT, Prior TW, Knopp MV, Liang J, et al. Phase II
736clinical trial of sorafenib in metastatic medullary thyroid cancer. J Clin Oncol
7372010;28:2323–30.
73869. SchlumbergerM, Jarzab B,CabanillasME, RobinsonB, Pacini F, Ball DW, et al. A
739phase II Trial of themultitargeted tyrosine kinase inhibitor lenvatinib (E7080) in
740advanced medullary thyroid cancer. Clin Cancer Res 2016;22:44–53.
74170. Ravaud A, de la Fouchardiere C, Caron P, Doussau A, Do Cao C, Asselineau J,
742et al. Amulticenter phase II study of sunitinib in patientswith locally advanced or
743metastatic differentiated, anaplastic or medullary thyroid carcinomas: mature
744data from the THYSU study. Eur J Cancer 2017;76:110–7.
74571. Lim SM, ChungWY, Nam KH, Kang SW, Lim JY, Kim HG, et al. An open label,
746multicenter, phase II study of dovitinib in advanced thyroid cancer. Eur J Cancer
7472015;51:1588–95.
74872. Schlumberger MJ, Elisei R, Bastholt L, Wirth LJ, Martins RG, Locati LD, et al.
749Phase II study of safety and efficacy of motesanib in patients with progressive or
750symptomatic, advanced or metastatic medullary thyroid cancer. J Clin Oncol
7512009;27:3794–801.
75273. FDA. Access data on selpercatinib (retevmo). Available from: https://www.
753accessdata.fda.gov/drugsatfda_docs/label/2020/213246s000lbl.pdf.
75474. Besse B, Subbiah V, Drilon A, ShahM,Wirth LJ, Bauer TM, et al. 105PDetection
755and clearance of RET variants in plasma cell free DNA (cfDNA) from patients
756(pts) treated with LOXO-292. Ann Oncol 2018;29 Q13.
75775. Gainor JF, Lee DH, Curigliano G, Doebele RC, Kim D-W, Baik CS, et al. Clinical
758activity and tolerability of BLU-667, a highly potent and selective RET inhibitor,
759in patients (pts) with advanced RET-fusionþ non-small cell lung cancer
760(NSCLC). J Clin Oncol 37:15s, 2019 (suppl; abstr 9008).
76176. TaylorMH, Gainor JF, HuMI-N, Zhu VW, Lopes G, Leboulleux S, et al. Activity
762and tolerability of BLU-667, a highly potent and selective RET inhibitor, in
763patients with advanced RET-altered thyroid cancers. J Clin Oncol 37:15s, 2019
764(suppl; abstr 6018).
76577. Curigliano G, Subbiah V, Gainor JF, Lee DH, Taylor MH, Zhu VW, et al.
766Treatment with pralsetinib (blu-667), a potent and selective ret inhibitor,
767provides rapid clearance of ctDNA in patients with RET-altered non-small cell
768lung cancer (NSCLC) and thyroid cancer. In Proceedings of the ESMOCongress
7692019, Sep 27–Oct 1, 2019; Barcelona, Spain Q14.
77078. Wirth LJ, Kohno T, UdagawaH,Matsumoto S, Ishii G, Ebata K, et al. Emergence
771and targeting of acquired and hereditary resistance to multikinase RET inhibi-
772tion in patients With RET-altered cancer. JCO Precis Oncol 2019;3:1–7 Q15.
77379. Drilon A, Rogers E, Zhai D, DengW, Zhang X, Lee D, et al. 506P - TPX-0046 is a
774novel and potent RET/SRC inhibitor for RET-driven cancers. Ann Oncol 2019;
77530:v190–1.
77680. SolomonBJ, Tan L, Lin JJ,Wong SQ,Hollizeck S, EbataK, et al. RET solvent front
777mutationsmediate acquired resistance to selective RET inhibition in RET-driven
778malignancies. J Thorac Oncol 2020;15:541–9.
77981. Schoffski P, Aftimos PG, Massard C, Italiano A, Jungels C, Andreas K, et al. A
780phase I study of BOS172738 in patients with advanced solid tumors with RET
781gene alterations including non-small cell lung cancer and medullary thyroid
782cancer. J Clin Oncol 37:15s, 2019 (suppl; abstr TPS3162).
78382. Subbiah V, Berry J, Roxas M, Guha-Thakurta N, Subbiah IM, Ali SM, et al.
784Systemic and CNS activity of the RET inhibitor vandetanib combined with the
785mTOR inhibitor everolimus in KIF5B-RET re-arranged non-small cell lung
786cancer with brain metastases. Lung Cancer 2015;89:76–9.
78783. Gild ML, Landa I, Ryder M, Ghossein RA, Knauf JA, Fagin JA. Targeting mTOR
788in RET mutant medullary and differentiated thyroid cancer cells. Endocr Relat
789Cancer 2013;20:659–67.
79084. Chang H, Sung JH, Moon SU, Kim HS, Kim JW, Lee JS. EGF Induced RET
791inhibitor resistance in CCDC6-RET lung cancer cells. Yonsei Med J 2017;58:
7929–18.
79385. Somwar R, Smith R, Hayashi T, Ishizawa K, Charen AS, Khodos I, et al. MDM2
794amplification (Amp) to mediate cabozantinib resistance in patients (Pts) with
795advanced RET-rearranged lung cancers. J Clin Oncol 34:15s, 2016 (suppl; abstr
7969068).

Clin Cancer Res; 26(23) December 1, 2020 CLINICAL CANCER RESEARCH10

Belli et al.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213246s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213246s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/213246s000lbl.pdf
Z01137
Testo inserito
I confirm reference should be updated as follow: Hida T, Velcheti V, , Reckamp KL,  Yang JC, Nokihara H, Sachdev P, et al. A phase 2 study of lenvatinib in patients with RET fusion-positive lung adenocarcinoma. Lung Cancer. 2019 Dec;138:124-130.

Z01137
Testo inserito
Annals of Oncology (2018) 29 (suppl_8): viii14-viii57.

Z01137
Testo inserito
Reference is correct

Z01137
Testo inserito
Reference has been updated correctly



AUTHOR QUERIES

AUTHOR PLEASE ANSWER ALL QUERIES

Q1: Page: 1: Author: Per journal style, genes, alleles, loci, and oncogenes are italicized; proteins are
roman. Please check throughout to see that the words are styled correctly. AACR journals have
developed explicit instructions about reporting results from experiments involving the use of
animal models as well as the use of approved gene and protein nomenclature at their first
mention in the manuscript. Please review the instructions at http://aacrjournals.org/content/
authors/editorial-policies#genenomen to ensure that your article is in compliance. If your article
is not in compliance, please make the appropriate changes in your proof.

Q2: Page: 1: Author: Please verify the drug names and their dosages used in the article.

Q3: Page: 1: Author: Should the author name “Frederique Penault Llorca” in the author byline be
changed to “Fr�ed�erique Penault-Llorca” as per metadata? Please suggest.

Q4: Page: 1: Author: Please verify the affiliations and their corresponding author links.

Q5: Page: 1: Author: Please verify the corresponding author details.

Q6: Page: 2: Author: Please confirm quality/labeling of all images included within this article. Thank
you.

Q7: Page: 5: Author: Please verify the layout of Tables for correctness.

Q8: Page: 8: Author: Please specify the “other” support provided to author “J.F. Gainor” from
Ironwood (immediate family member–employee), to “V. Subbiah” from LOXO Oncology
(advisory board) and Novartis (advisory board), to “A. Drilon” from Merck (food/beverage),
Puma (food/beverage), Merus (food/beverage), and Boehringer Ingelheim (food/beverage), and
to “G.Curigliano” fromBlueprintMedicines (institutional grant for clinical trial at IEO), Bristol-
Myers Squibb (steering committee member), AstraZeneca (steering committee member), Roche
(advisory board), Ellipsis (advisory board),Novartis (advisory board), Lilly (advisory board), and
Pfizer (advisory board).

Q9: Page: 8: Author: Please verify the patent information provided for author “A. Drilon” for
correctness.

Q10: Page: 8: AU:/PE: The conflict-of-interest disclosure statement that appears in the proof
incorporates the information from forms completed and signed off on by each individual
author. No factual changes can be made to disclosure information at the proof stage. However,
typographical errors or misspelling of author names should be noted on the proof and will be
corrected before publication. Please note if any such errors need to be corrected. Is the
disclosure statement correct?

Q11: Page: 9: Author: Please provide page range for ref. 23.

Q12: Page: 10: Author: Ref. 60 has been updated as per “https://oncologypro.esmo.org/meeting-
resources/esmo-2016/Phase-2-study-of-lenvatinib-LN-in-patients-Pts-with-RET-fusion-posi
tive-adenocarcinoma-of-the-lung.” Please verify.

http://&ldquo;Fr&eacute;d&eacute;rique Penault-Llorca&rdquo; as per metadata? Please suggest
http://&ldquo;Fr&eacute;d&eacute;rique Penault-Llorca&rdquo; as per metadata? Please suggest
http://&ldquo;Fr&eacute;d&eacute;rique Penault-Llorca&rdquo; as per metadata? Please suggest
https://oncologypro.esmo.org/meeting-resources/esmo-2016/Phase-2-study-of-lenvatinib-LN-in-patients-Pts-with-RET-fusion-positive-adenocarcinoma-of-the-lung
https://oncologypro.esmo.org/meeting-resources/esmo-2016/Phase-2-study-of-lenvatinib-LN-in-patients-Pts-with-RET-fusion-positive-adenocarcinoma-of-the-lung
https://oncologypro.esmo.org/meeting-resources/esmo-2016/Phase-2-study-of-lenvatinib-LN-in-patients-Pts-with-RET-fusion-positive-adenocarcinoma-of-the-lung


Q13: Page: 10: Author: Please provide page range for ref. 74.

Q14: Page: 10: Author: Ref. 77 has been updated as per “https://www.esmo.org/meetings/past-
meetings/esmo-congress-2019.” Please verify.

Q15: Page: 10: Author: Ref. 78 has been updated as per “https://ascopubs.org/action/showCitFor
mats?doi=10.1200/PO.19.00189.” Please verify.

AU: Below is a summary of the name segmentation for the authors according to our records.
The First Name and the Surname data will be provided to PubMed when the article is indexed
for searching. Please check each name carefully and verify that theFirstName andSurname are
correct. If a name is not segmented correctly, please write the correct First Name and Surname
on this page and return it with your proofs. If no changes are made to this list, we will assume
that the names are segmented correctly, and the names will be indexed as is by PubMed and
other indexing services.

First Name Surname

Carmen Belli

Santosh Anand

Justin F. Gainor

Frederique Penault Llorca

Vivek Subbiah

Alexander Drilon

Fabrice Andr�e

Giuseppe Curigliano

https://www.esmo.org/meetings/past-meetings/esmo-congress-2019
https://www.esmo.org/meetings/past-meetings/esmo-congress-2019
https://ascopubs.org/action/showCitFormats?doi=10.1200/PO.19.00189
https://ascopubs.org/action/showCitFormats?doi=10.1200/PO.19.00189
Z01137
Barra

Z01137
Barra

Z01137
Font monospazio
Penault-Llorca



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




