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1. Uterine cancer: advances despite under-funding of research

Endometrial cancer represents the fourth most common malignancy in the United States and
sixth leading cause of cancer-related death in women. In 2016, there will be a projected
60,050 cases and over 10,470 deaths from this disease.lt] Annually, uterine cancer research
receives between $39-57 million from the National Institutes of Health (NIH), based on data
from fiscal years 2012 through 2015.[2] This is in contrast to breast cancer, which will
account for only four times as many estimated deaths this year (40,450)[] but will have
attracted more than 10 times as much research funding from NIH (between $674-800
million per year) during the same period.[2]

Nevertheless, pivotal advances in the molecular characterization of uterine cancer have been
made in the last half a decade. In 2013, the Cancer Genome Atlas Research Network
recognized four distinct categories of endometrial cancer after rigorous integrated genomic
and proteomic inquiries. A total of 373 samples were analyzed, including 307 endometrioid,
66 serous and 13 mixed tumors. Whole exome sequencing of the available tumor-normal
pairs revealed four distinct categories of endometrial cancer:

1. an ultramutated group containing as many as 232 x 10~% mutations/Mb in
conjunction with alteration in DNA polymerase epsilon (POLE) (n = 17)

2. a hypermutated group with 18 x 1076 mutations/Mb and microsatellite instability
(n=65)

3. copy number low (endometrioid) tumors with 2.9 x 1076 mutations/Mb (n = 90)
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4, copy number low (serous) tumors with a low mutation rate of 2.3 x 1076
mutations/Mb but somatic copy number alterations such as MYC, ErbB2, and
CCNE1 amplification (n = 60).[3!

Soon after this publication, a subset of tumors with exceptional somatic mutational patterns
was also demonstrated within matched tumor-normal pairs restricted to uterine serous
histology using whole-exome sequencing.[4]

2. Neoantigen load confers a favorable prognosis and predicts response to

immune checkpoint inhibition

Abscopal effects, the induction of an often dramatic but relatively rare tumor response
distant from the site of radiation, were initially described as early as 1953[>! and may be
attributable to immune activation due to enhanced neoantigen burden as a result of
radiotherapy. Tumor immunogenicity is also inherently enhanced by the mutational diversity
that occurs in the absence of functional POLE proofreading or mismatch repair mechanisms
resulting in microsatellite instability (MSI) due to either germline (Lynch syndrome) or
somatic (Lynch-like) alterations in mismatch repair genes (MSHZ2, MSH6, MLH1, PMS2) or
somatic silencing of the MLH1 promoter.

Accordingly, hypermutated tumors generally display favorable survival outcome. This has
been demonstrated in gastric cancers,[®! colorectal carcinoma,l”] and gynecologic
malignancies, though there is heterogeneity among data. In a series of 57 patients with
uterine serous carcinoma, 8.7% (n=5) demonstrated a hypermutated phenotype.[41é] A
marked survival advantage was apparent relative to tumors that lacked hypermutation,
despite stage 11 disease in 40% of these patients. The phenomenon has been also described
in BRCA 1/2-deficient high-grade serous ovarian cancers (n=54) compared to matched
homologous recombination proficient counterparts (n=122) (p=0.012).[9] Mutational
variation also predicts response to immune checkpoint inhibitors. This was first noted among
41 consecutive patients (78% colorectal, 10% biliary, 5% endometrial, 5% small bowel, and
2% gastric carcinoma) treated with the checkpoint inhibitor pembrolizumab at 10 mg/kg
every 14 days over a median follow-up of 36 weeks: median overall survival was 5 months
in mismatch repair proficient tumors but not reached in mismatch repair deficient tumors.[10]

In 2015, Howitt and colleagues suggested PD-1 targeted immunotherapy might be
particularly effective for POLE and MSI endometrial cancers.[!1] In a study of 63
endometrial cancers, neoantigen load as well as CD3+ and CD8+ tumor-associated
lymphocytes were greater in POLE-mutated and MSI tumors relative to microsatellite-stable
tumors. Furthermore, PD-L1 expression was more common in the intraepithelial tumors of
POLE and MSI tumors (39% versus 13%, p=0.02). Consistent with these initial findings,
administration of the anti-PD1 agent nivolumab at 3 mg/kg every 14 days has recently been
shown to induce with minimal side effects partial responses by RECIST criteria in recurrent
heavily pre-treated ultramutated and hypermutated endometrial cancers, even in the setting
of minimal expression of PD-L1 within tumor.[12]

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roque and Santin

Page 3

3. Beyond rational drug design: responsible drug diffusion

Checkpoint inhibition is not cheap. Anti-PD1 therapies nivolumab and pembrolizumab cost
approximately $28 and $104 per mg. Estimates of per-patient cost during the progression-
free interval for pembrolizumab and nivolomab are as high as $145,000 and $64,000,
respectively, and would total $3.8 billion annually based on World Health Organization
estimates of disease for melanoma.[13]

While it is tempting to rapidly apply immunotherapy to countless other tumor types given
the excitement generated by the experience in melanoma, the scientific community must
simultaneously work towards identification of predictive markers for response.

In 2013, a study of whole-exome and whole-genome sequencing of 3,083 tumor-normal
pairs revealed that median somatic mutational frequency may vary by more than 1000-fold
across cancer types.[24] Mutational heterogeneity is dominated by melanoma followed by
lung carcinomas, while pediatric tumors such as rhabdoid and Ewing’s sarcoma, thyroid
cancers, and acute myelogenous leukemia offer a relatively bland landscape. Gynecologic
malignancies, such as ovarian and cervical, as well as colorectal carcinomas appear to be
intermediate in mutational burden. Interestingly, regardless of median mutational frequency
by tissue of origin, inter-individual mutational burden within each group varied by 3 orders
of magnitude, indicating that the rational diffusion of immunotherapies must be refined
beyond discrimination by histology alone. Herein, ultramutated or hypermutated status may
outperform traditional protein targets as biomarkers for immunotherapy response.

As endometrial cancers rank among the most frequent to harbor microsatellite instability
(22-33%) relative to colorectal (20%), cervical (8%), esophageal (7%), and breast cancers
(0%-2%),123] immunotherapy with checkpoint inhibition has the potential to represent one
of the most promising advances in the treatment of endometrial cancer in recent years. PD-1
and PD-L1 expression in primary, recurrent, and metastatic endometrial cancers is 67-100%
in some series.[16] PD-1 expression by immunohistochemistry staining was found to be
highest in carcinosarcoma and endometrioid histologies (80%), followed by clear cell,
serous, and stromal sarcoma (64—-60%), and variable in leiomyosarcoma (47%).11°]

Preliminary results from the endometrial carcinoma cohort (n=24) of KEYNOTE-028 study
(NCT02054806)[17] were presented at the 2016 annual meeting of the American Society for
Clinical Oncology. All patients had failed prior systemic therapy and had excellent
performance status. PD-L1 expression was only required in = 1% of tumor or stroma cells
by immunohistochemistry. Pembrolizumab was administered at 10 mg/kg every 2 weeks for
up to 24 months or until confirmed progression. At a median follow-up of 69.9 weeks
(range, 5.4-84.4), confirmed overall response rate was 13.0%; median duration of response
was not yet reached (range: 40.3-65.1 weeks). Three patients achieved stable disease (13%;
95% ClI, 2.8-33.6; median duration, 24.6 wk [range, 13.1-24.6]). Six-month progression-
free and overall survival rates were 19.0% and 68.8%, respectively. The drug was well-
tolerated; three patients experienced grade 3 adverse events, including back pain/asthenia
(n=1, resolved), diarrhea (n=1, resolved), and asthenia/anemia/hyperglycemia/hyponatremia
(n=1, unresolved). There were no treatment-related deaths or discontinuation of therapy due
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to side effects. Pembrolizumab for advanced endometrial cancer has now progressed to
phase 2 (KEYNOTE-158, NCT02628067).

To date, immunotherapeutic approaches outside of checkpoint inhibition in endometrial
cancer have been limited and often disappointing.[*8] Some of the earliest studies employed
vaccination. A trial of recombinant vaccinia-NY-ESO-1 and recombinant fowlpox-NY-
ESO-1 constructs in patients with advanced cancers included one patient with endometrial
cancer, who had progressive disease on therapy.[*% In another study, a patient with uterine
carcinosarcoma received HLA-A2402-restricted modified 9-mer WT1 peptide emulsified
with Montanide ISA51 adjuvant, but also progressed on therapy.[29 In a separate inquiry,
two endometrial cancer patients were treated in a phase | study of a novel peptide
combination vaccine consisting of two B-cell epitopes derived from the HER2 extracellular
domain; one patient has a partial durable (4 years) response.[2] Other studies have exploited
dendritic cells (DCs). In a report of 4 patients with uterine serous carcinoma treated with
autologous DCs loaded with WT1 mRNA, 75% demonstrated immune activation, 50%
experienced a decrease in serum CA-125, but 0% exhibited a radiologic response.[221[23]
Peripheral blood T cells stimulated with tumor lysate-pulsed autologous DCs have been used
in patients with metastatic endometriall?4] and uterine serous carcinomas.[?%] Cytotoxic T-
lymphocytes were generated but did not correlate with tumor response. Intraperitoneal
adoptive transfer of lymphokine-activated killer cells with 1L-2 has also been tested in a
phase | trial that enrolled one endometrial cancer patient with abdominal metastases.[2¢]
Significant toxicities were incurred in multiple patients, without any clinical benefit in the
one patient with endometrial cancer.

Presently, a basic search of www.clinicaltrials.gov for “immunotherapy” or “pembolizumab”
trials will yield at least 8 recruiting for uterine cancer (Table 1), 7 for cervical cancer, 231
for ovarian, and over 76 for breast cancer. Across all disease sites, the current dominance of
anti-PD-1 therapy is apparent. Given that the Institute of Medicine has long recommended
that research effort be comparable to societal burden of disease,[27] it seems that the era of
immunotherapy is thus a time ripe for uterine cancer to achieve a zenith.

Acknowledgments

Funding

This paper was not funded.

References

Reference annotations
* Of interest
** Of considerable interest

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016; 66(1):7-30. DOI:
10.3322/caac.21332 [PubMed: 26742998]

2. National Institutes of Health. Estimates of funding for various research, condition, and disease
categories (RCDC) [internet]. https://report.nih.gov/categorical_spending.aspx. Accessed October 4,
2016

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.


https://report.nih.gov/categorical_spending.aspx

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roque and Santin

Page 5

3**, Cancer Genome Atlas Research Network. Integrated genomic analyses of endometrial carcinoma.
Nature. 497(7447):67—-73. Landmark publication that re-defined categorization of endometrial
cancers by genomic mutational burden. [PubMed: 23636398]

4** Zhao S, Choi M, Overton JD, et al. Landscape of somatic single-nucleotide and copy-number
mutations in uterine serous carcinoma. Proc Natl Acad Sci U S A. 2013; 110(8):2916-2921. One
of the first publications to comprehensively describe the genomic features of uterine serous
carcinoma. DOI: 10.1073/pnas.1222577110 [PubMed: 23359684]

5. Mole RH. Whole body irradiation; radiobiology or medicine? Br J Radiol. 1953; 26(305):234-241.
DOI: 10.1259/0007-1285-26-305-234 [PubMed: 13042090]

6. Choi YY, Bae JM, An JY, et al. Is microsatellite instability a prognostic marker in gastric cancer? A
systematic review with meta-analysis. J Surg Oncol. 2014; 110(2):129-135. DOI: 10.1002/jso.
23618 [PubMed: 24737677]

7. Saridaki Z, Souglakos J, Georgoulias V. Prognostic and predictive significance of MSI in stages
11/111 colon cancer. World J Gastroenterol. 2014; 20(22):6809-6814. DOI: 10.3748/
wjg.v20.i22.6809 [PubMed: 24944470]

8. Santin AD, Bellone S, Centritto F, Schlessinger J, Lifton R. Improved survival of patients with
hypermutation in uterine serous carcinoma. Gynecol Oncol Rep. 2015; 12:3-4. DOI: 10.1016/
j.gore.2015.01.005 [PubMed: 26076146]

9. Strickland KC, Howitt BE, Shukla SA, et al. Association and prognostic significance of BRCA1/2-
mutation status with neoantigen load, number of tumor-infiltrating lymphocytes and expression of
PD-1/PD-L1 in high grade serous ovarian cancer. Oncotarget. 2016; 7(12):13587-13598. DOI:
10.18632/oncotarget.7277 [PubMed: 26871470]

10**. Le DT, Uram JN, Wang H, et al. PD-1 Blockade in tumors with mismatch-repair deficiency. N
Engl J Med. 2015; 372(26):2509-2520. Initial demonstration of the clinical benefit of PD-1
blockade in patients with high mutational burden due to mismatch repair. DOI: 10.1056/
NEJMo0a1500596 [PubMed: 26028255]

11. Howitt BE, Shukla SA, Sholl LM, et al. Association of polymerase e-mutated and microsatellite-
instable endometrial cancers with neoantigen load, number of tumor-infiltrating lymphocytes, and
expression of PD-1 and PD-L1. JAMA Oncol. 2015; 1(9):1319-1323. DOI: 10.1001/jamaoncol.
2015.2151 [PubMed: 26181000]

12**, Santin AD, Bellone S, Buza N, et al. Regression of chemotherapy resistant polymerase e

(POLE) ultramutated and MSH6 hypermutated endometrial tumors with nivolumab. Clin Cancer
Res. 2016; Initial description of the potential clinical utility of anti-PD-1 therapy in uterine
serous carcinoma. doi: 10.1158/1078-0443.CCR-16-1031

13. Tartari F, Santoni M, Burattini L, Mazzanti P, Onofri A, Berardi R. Economic sustainability of anti-
PD-1 agents nivolumab and pembrolizumab in cancer patients: Recent insights and future
challenges. Cancer Treat Rev. 2016; 48:20-24. DOI: 10.1016/j.ctrv.2016.06.002 [PubMed:
27310708]

14. Lawrence MS, Stojanov P, Polak P, et al. Mutational heterogeneity in cancer and the search for new
cancer-associated genes. Nature. 2013; 499(7457):214-218. DOI: 10.1038/nature12213 [PubMed:
23770567]

15. Dudley JC, Lin MT, Le DT, et al. Microsatellite instability as biomarkers for PD-1 bloackade. Clin
Cancer Res. 2016; 22(4):813-20. [PubMed: 26880610]

16. Vanderstraeten A, Luylen C, Verbist G, et al. Mapping the immunosuppression environment in
uterine tumors: implications for immunotherapy. Cancer Immunol Immunother. 2014; 63(6):545-
557. [PubMed: 24658839]

17. Ott PA, Bang Y-J, Berton-Rigaud D, et al. Pembrolizumab in advanced endometrial cancer:
preliminary results from the phase Ib KEYNOTE-028 study. [abstract]. J Clin Oncol. 2016;
34(suppl) abstr 5581.

18*. Longoria TC, Eskander RN. Immunotherapy in endometrial cancer - an evolving therapeutic
paradigm. Gynecol Oncol Res Pract. 2015; 2:11. Succinct overview of clinical progress using
various immunotherapy approaches in endometrial cancer including pre-clinical background. doi:
10.1186/s40661-015-0020-3 [PubMed: 27231571]

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roque and Santin

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 6

Jager E, Karbach J, Gnjatic S, et al. Recombinant vaccinia/fowlpox NY-ESO-1 vaccines induce
both humoral and cellular NY-ESO-1-specific immune responses in cancer patients. Proc Natl
Acad Sci USA. 2006; 103:14453-14458. [PubMed: 16984998]

Ohno S, Kyo S, Myojo S, et al. Wilms tumor 1 (WT1) peptide immunotherapy for gynecological
malignancy. Anticancer Res. 2009; 29(11):4779-4784. [PubMed: 20032435]

Kaumaya PT, Foy KC, Garrett J, et al. Phase | active immunotherapy with combination of two
chimeric, human epidermal growth factor receptor 2, B-cell epitopes fused to a promiscuous T-cell
epitope in patients with metastatic and/or recurrent solid tumors. J Clin Oncol. 2009; 27(31):5270—
5277. DOI: 10.1200/JC0.2009.22.3883 [PubMed: 19752336]

Coosemans A, Vanderstraeten A, Tuyaerts S, et al. Wilms’ tumor gene 1 (WT1)-loaded dendritic
cell immunotherapy in patients with uterine tumors: a phase I/11 clinical trial. Anticancer Res.
2013; 33(12):5495-5500. [PubMed: 24324087]

Coosemans A, Wolfl M, Berneman ZN, et al. Immunological response after therapeutic vaccination
with WT1 mRNA-loaded dendritic cells in end-stage endometrial carcinoma. Anticancer Res.
2010; 30(9):3709-3714. [PubMed: 20944158]

Santin AD, Hermonat PL, Ravaggi A, et al. Development and therapeutic effect of adoptively
transferred T cells primed by tumor lysate-pulsed autologous dendritic cells in a patient with
metastatic endometrial cancer. Gynecol Obstet Investig. 2000; 49(3):194-203. [PubMed:
10729762]

Santin AD, Bellone S, Ravaggi A, et al. Induction of tumour-specific CD8(+) cytotoxic T
lymphocytes by tumour lysate-pulsed autologous dendritic cells in patients with uterine serous
papillary cancer. Br J Cancer. 2002 Jan 7; 86(1):151-7. [PubMed: 11857027]

Steis RG, Urba WJ, VanderMolen LA, et al. Intraperitoneal lymphokine-activated killer-cell and
interleukin-2 therapy for malignancies limited to the peritoneal cavity. J Clin Oncol. 1990; 8(10):
1618-1629. [PubMed: 2213099]

Gross CP, Anderson GF, Powe NR. The relation between funding by the National Institutes of
Health and the burden of disease. N Engl J Med. 1999; 340(24):1881-1887. DOI: 10.1056/
NEJM199906173402406 [PubMed: 10369852]

ClinicalTrials.gov: A service of the US National Institutes of Health. [cited 10/2016]. Available at
www.clinicaltrials.gov

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



Page 7

Roque and Santin

(1961) Tad-nue

(AsIpaIN NITIAWT) sa1oueubifein
PaJUBAPY U] wm_o_m\_mr_uo::EE_
J39UeD J3YIO YU Uoleulquiod
ul qewn|any 0 Apnis v

(spuepayiaN
‘ueder ‘aouel ‘eljensSNY ‘epeue)
'sajelS PAHUN) ZT87SG20LON

1ad
-ue ‘ulosd /3 9T-AdH Bunsbier 4oL

xx SJadued

pareIo0ssy/-snuiAewo|[ided
uewInH Joy apexoo|g T-Ad

.gewnzijoiqwad,,
0 .Adessyiounwut,,

L=< © ynm pasgaulBus Ajfeansush sjjeo L INOYNM 10 YIIM S[I8D L ¥O1 23 | (sere1s panun) 0TE8S8Z0LON ANV ../83Ued [e3IAISY,, IVOING3D
o 15OUED DLIEISEIBIL YN
sualled 1oy sarfooydwAT Burrenjiul
ST1L pareInWNs o4 X9 ‘T-Ad-hue ‘g1 Jown] Butsn Adessyountiw 1l (sere1s pauun) TZT7.TT0LON
Jaoue) [eLswopul pajeInwladAH
T-ad-Hue pue pajeInwesn|n Ul qewnzijoiquiad I (sare1s panun) £6.6682010N
(wopbBury panun ‘uemie] ‘ureds
"BOLIJY UINOS ‘BISSNY ‘sauddifiyd
(8ST-ILONAIN ‘spueliayiaN ‘09IxaIN ‘ueder
/8ST-S/E-MIN) slown| ‘Aley| ‘|sels| ‘Auewlas ‘souel
PI10S PaduBAPY Yl Siuedidiiied Ul ‘slewuaq ‘|izelg ‘epeue) ‘eljessny
T-dd-hue (SL¥E-MIN) gewnzijoiquiad Jo Apms 1 ‘s91elS paNuN) £9082920.L0ON
siown] prjos palos|as YU s18lgns
ut geLunz1joaguidd snid (080.3)
T-Qd-1ue y)m aseuny| auisolAy qiuneAusT 4o [ellL ¢/qT 8seyd 11/ (seve1s panun) 960T0SZ0LON
Adesayiowayd 21x010142 sa1oueuUbIel\ PaduUBRAPY
1o Adessuy T-Qd-1ue Yim uoneulquiod UM s18lgns Ut 8287S09ONI JO
ur 1038281 101084 YIMo.B Jselqoqly-nue Apnis uone[eas3-asoq ‘[age-usdo 11/ (sere1s panun) 872€6£20.L0N
SIOWN] P1j0S PasueApy
ul G9¥0S09INI YNIM paulquiod
gewinzijoiquiad Jo/pue 0TT6E09INI
MVI-1ue YIM uolreulquiod ul Tad-hue UHM paulquio) qewnzijolquad | (sa1ers panun) 8.9¥9201ON
. Sisoued 2160]003UAD
Jo ajiyosdounwiw jesown |
T-Qd-Nhue alj} uo qewnzijoiquad o Apns v 0 (sayels pauun) 0£882220L0N .gewnzjoiquad,
HO ./Adessyiounwiw,,
ewouIdIe) [eLIBWOpUT ANY .J32UBd [el}awWopus,,
8< T-dd-hue ur Adessyrounww| 5/ 7€-MIN 0 (sere1s panun) €280€920LON HO ..80ued sulian,, ANIY3LN
FX¥X
X ¥
* NOILNIAH3LNI
av1ioL ANNWIAIT 40 3SINTAHd JNVN TVIHL | ISVHd AHLNNOD 2 439INNN TVIYdL SWY3L HOYV3S | ALIS 3ISv3SIA
[8Z]S480UBJ S, USWOM Ul s[eLl] 3pexd0|q 1u10d »23Yd sunwiw|
T31avl

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



Page 8

Roque and Santin

T-ONIA ssaldxe
ey} S|199 Jowny Jo Yol ayy ssaiddns
015|199 1 4039848 8D d1y19ads uabnue
10 S]199 g 91319ads uabnue jo uonowoud

pue S]199 2131LIPUSP JO LOITRAIIOR

(T-ON) s190uBD

le1jaynd3 Jo Adesayjounwiw| 1oy
3UI9BA 0103 [eJIAOUBPY (T-UION|A])
T-ONIA UBWiNH Jo Apmis A1ajes

(s10debuIs) 96607 T20.LON

aulooeA WYNQ
BuIpooua-1 431 Y 8y JO UOITRUIDORA
[ewIapeUL YIM J0JBAIOE sunwiwi ZT-1]

Adesaylounwiwi
VNQ 8selswo|s] :T00-Ly1 O1Aou]

(sa1ess panun) 89722€2010N

(urens Ja1s17)
SNJIA BIUIDJBA pajenusnie u_;_oo:o

JER]I %)
UBLIAQ 1US1IN08Y YUAA SIUBIEd UL
Adesayrounwwi| 93A100UO TONO-19

(saress panun) 88565.20L0N

Adelayl TQd-nue yum
uoleUIqUIOd Ul © 10}dadal arejoy-nue

e 13OUED [ELIOWOPUT
10 ‘agn_ ueidojfed ‘jeauoiiad
Arewlid ‘uelrenQ + J01dadey

812104 YA SHNPY Ul qewnzijoiquiad
10 @14 ‘unedogted ‘qewnzioeasg
UHM "quioD Ul €S8NOINI J0 Apmis

(ureds ‘epeue) ‘wnifjag
‘sa1e1s pauun) S0£90920LON

T-Ad-hue yum y-v7119-nue

J193ue) AI01oRIISY Ul qewnzijoiquad
U uoneulquioD ul (TL2V9OIN)
qewnznyjqou3 yo Apnis Aleges

(serers peNuN)ET2S. 200N

(T0al) aseusbAxoip
-€'Z aulwesjopul Jo uoniqiyul
ybnouy} asuodsas sunwiwl 40 UOITRAINIR

190UBD UBLIBAQ JUB1INI3Y UNAA
Sslualied Ul yeisopeded3 pue Adelay

(epeue)

gqewnzijoiquiad,,
d0 Adesayrounwt,,

1€2 ‘au129eA paseq-uigiold uIAIAINS 3UI29BA JBAIAINS-Xdd 40 Apnis | 'S91eIS PaNUN) 0525822010ON ANV ..Ja2ued ueLieno,, NVIHVAO
190UBD
[e9IAIBD) PAJURAPY/ 10} JUsWIeal |
T-Qd-hue | uoneIpRIOWaYD PUB qeuwnzIjoiquad I (sere3s panuN) 09€SE9Z0LON
J132ueD [eIAIBD JUBLINJAY 10
su19iold AdH | PpaoueApy JeslL 0} (ATOTVSI/TOTVSI)
1surefe uoneulddeA ‘“ONH| palejAbad au192eA onnadelay ] ay Jo Apnis (spueaylaN) 92182T20.LON
J1aoue) [eIAIRD
1U81IN23Y Joy Adelayiounwiwi|
S1132 YN Uol||1g OT—8 40 uoisnjul MN pue As6insoA1d Jo uoleuIquod (euyD) OvE6Y8ZOLON
saloueubife\
Buissaidx3 -T-OS3-AN YN Siualled
10 Juswieal] 1oy T-OS3-AN Bunabiel
S[133 1 padnpsuell YO 1 T-OS3-AN-Hue s|18D L paonpsue.i-101dadey |80 L | (euyD) 05925720.LON
sa)AooydwA| | paonpsuely T0ZT-19L
auab YO L ooads-y\-3OVIN | 40 Apnis T aseyd pareniul Joyelnsanul | (ueder) ¥1996020.LON
XXX
XXX
¥ ¥
* NOILNIAYGILNI
vLiOL ANNININIT 40 3SINTIHd JANVN TVIdL | ISVHd AYLNNOD ® 439INNN TTVIdL SIWH3L HOYV3S | ALIS 3Sv3sIiA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



Page 9

Roque and Santin

(Toal) sseusbAxolp-g'z
auIIEB|OpUI JO UORIQIYUI YUM T-Ad-1ue

(202-0HO3
/LE€0-3LONAIN/LED-GLYEMIN
/202-09€¥Z GONI) S130UBD PajodIas
Uum 108lans ut (09€72090NI1)
Jeisopeded3 Y uolreuIqwod

ur (SZyE-MIA) qewnzijoiquiad

40 Aoeoiy3 pue ‘AufiqessioL ‘K1ages
aup Burlojdx3 Apnis z/T aseud v

1/

(severs psnun) z2/8.LTZ0LON

S[199 XN uolj|iq
0T~8 JO UOISNJUIF uoIIe|ge weaq uobie

1aoue) ueLeAQ
1U81IN23Y Joy Adelayiounwiwi|
MN pue AsbinsoAiD Jo uoneUIqUIOD

(eulyD) £5€6¥820.LON

TOdX

1o T uiodxa ‘utsjold T soueuBUIRW
uoifial swosowolyd) TINYD 0
Joyqiyul snasjow fjews yum 1-ad-hue

sa1oueuBIeA| PBOUBARY UYMAA SIUsled
ul Adesaylowsyd psepuels Yiumn
UONBUIGWIOD Ul J0X3UI|SS J0 g] 3seyd

(sayels pauun) G6v6T720LON

NVYOV3D-1ue pue T-yd-hue

(T00-8T09-MIN)

saloueuBifey Jua1INday 1o
P3URAPY Pa10[aS YA Siuedioned
ur (GL¥E-MIN) gewnzijoiquisd

UMA UoleUIqUIOD U] pue

U0V (8T09-MIN) ¥2-IND J0 Apmis

(19e4s]
‘sa1e1s paluN) GS69¥E€Z0LON

10198} ymouh
[e1]3L10puUa JeJnaseA-11ue pue T-ad-nue

siown] p1jos
PAdUBADY UNA SHuaIed Buiieall
u 1da0J8q1e-AlZ pUe qewnzijoiquad

(epeue)
‘s81e1s paluN) 656862201LON

usbnue T-0S3-AN
Jsurebe |89 213IpUSP JO UOIRINWINS

T-0S3-AN Buissaidx3

J192URD 21IeISeI9IN J0 pasdejay
‘paaueApY A|[8207 YIAN Slusited ul
GOEAT lewdapenu] Jo Apms T aseyd

(saye1s pauun) 19822TZ0LON

Apognue
Jeuojoouow Buiaolq T-ad-nue yob|

qIuBpaIUIN
PUY CeWnZ1|oIquisd JO [elL

(v0ueId) G27958201L0N

S|189 | padnpsuel}-4J1 T-OS3 AN-hue

saloueubifel\

Buissaldx3 -T-OS3-AN YN Siusiied
J0 Juawieal] 1o} T-OS3-AN Bunsbirel
S|190 1 paonpsueli-101daday [18D L

(eUyD) 059/5720.LON

sa1Ao0ydwA| | paonpsues)

TOET-I9L

auab YO 1 914199ds-T-0SF-AN | 40 ApniS T 8seyd pareniu] Joyebisanul 1 (ueder) 9¥599€Z0.LON
sa1hooydwA| 1 paanpsuen 102T-19L
auab YD1 Jy19ads-y\-3OVIN | 40 ApmiS T aseyd pareniu] Jojebiisanu| | (ueder) ¥7996020.LON

0T-711 parejAbad

SIOWNL PIjOS PadUBADPY YN Siuslied
Ul OTOOWY J0 ApmiS T 8seud v

(seress panun) 6v760020LON

PR
r¥¥

¥

M
v10Ll

NOILNIAGTLNI
ANNNINIT 40 3SINTHd

JNVN TVIHL

3SVHd

AYINNOD & Y3FFINNN TVIFL

SINY3 1L HOYV3S

311S 3sv3sida

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



Page 10

Roque and Santin

ST1L PeFRINWIS OAIA X3 “T-Ad-Iue ‘Z-T|

Sjualed 10y sa1hooydwA Buren|iul
Jown] Buisn Adessyrounwiw|

(sa1e3s panun) TZT¥LTTOLON

Adelaylowayd 21x01014A0 ‘T-Qd-nue
*J019B} Yo |e1]ayiopus Jejnasea-1ue

JER]N o)
Jeauoiliad Arewlid Jo ‘agny ueidojje
‘UBLIBAQ JUB1INJ8Y YN Siualied
Buneal) ui apiweydsoydojohD

pue ‘gewnzIdeAsg ‘qewnzijoiquiad

(sayels pauun) 8T€ES5820LON

¥16 udo4d
90BLINS Jsurebe eiexuy SNIIA BIUIDOEA

139ue) UBLIBAQ
onewoldwAsy pasde|ay ul 0gade|d
SNSIBA @XBAOIL JO AIANDY 8y L

(wopBury pauun) T#89SSTO.LON

Adelayiowayd 21x010140 yum Tad-nue

182uBD UBLIBAQ JUE]SISOY Wnuile|d
ur (SZyE-MIN) qewnzijoiquiad
YUAA [8Xel|oBd 8suaq 3s0Q

(sayels pauun) Gev0vy20LON

J10)qiyui asesaysueAyIBW WYNG
pue Jatjipow ansuabids yum T-ad-nue

J139UeD UBLIBAQ JUBISISaI-Wnuiie|d
UMM SIUBIIEd Ul 981-00 INOUMA
10 YN gewinzijoiguiad o Apms

(sayels panun) 09500620LON

Adesayiowayd 91x010340 yum T-ad-nue

(wanipwad) Jeaue)d

UBLIRAQ JUBISISAI-WINUITR|d 1UBLINJ3Y
UNAA SIUSId Ul JUSWIea) | pIepuelS
UM qewinzijoiquiad Jo Apms v

(seress panun) ¥8980920LON

Adelayiowayd 21x010140 yum T-ad-nue

19oue)
UelLIeAQ Buljluoi ul Adelayioway)
U/ uoljeuiquiod ul qewnzijoiquiad

(saye1s pauun) ¥ST02S20LON

uoniqyul d4vd yum 1-ad-hue

(01ovdol)

J1adue)d ueLieAQ 10 Isdued

1sealg annebau-ajdiiL YA siuailed
ut (GL¥E-MIN) gewinzijoiquiad Yum
uoneuiquo) ui quedeliN Jo Apns

(soress panun) 68825920L0N

Adelayiowayd 21x010140 yum T-ad-nue

(snjdolquiad) Jaaue) pasueApY
YUA S1uaied ul Adessyiowsyd
sn|d gewnzijoiquiad Jo Apns

(saye1s pauun) TSZTEEZ0LON

(toaql) aseuabAxolp-g‘z aulweajopul
Jo uoniqiyul ybno.yy ssuodsal sunwiwl
10 UOIRAINOR ‘Uljay10SawW dtuabounuwiwi

Buissaidxa sausboifoouow elislsI]
(a@v) palajap-s1gnop ‘parenuaiie-anl|

(3dvoSv3s) Ja0ued

|eauoilad 40 ‘uerdojfe ‘ueleAQ
JuelSISaY Wnuile|d Ul Jeisopeoedy
UUM L0Z-SHD 40 Aoeoiyyq pue Asyes

(seress panun) L085.520LON

apexo0[q
(7-V1.LD) Ju10d3408Yd ‘uoIHgIyuI-dyvd

130UBD UBLIBAQ JUBIOIBP-YOHE
Ul gewnwidwai] pue quede|o

(sa1ess panun) GZ.T.52010N

Z-11 Yyum Joldadal
uabrue 9LBWIYD UI]BYI0SaW-1ue

139UED OMEISEISIN UM
sjualed 10y uljayiosay bunabirel
Adesayrounwwi| 103daday 18D 1 ¥VD

(serels panun) 989€8STOLON

PR
r¥¥

¥

M
v10Ll

NOILNIAGTLNI
ANNNINIT 40 3SINTHd

JNVN TVIHL

3SVHd

AYINNOD & Y3FFINNN TVIFL

SINY3 1L HOYV3S

311S 3sv3sida

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



Page 11

Roque and Santin

$180UBD [eLBWOopUS 0 uado osfe
KKKK

$180UED [euIBeA 10 JBAINA 0} Uado os|e
KKK

130Ued UelleAo 0} uado os|e
*¥

3]qeISuUN 811181LS0IOIW JI S190URD [eUIBEA 10 BAJNA ‘|EOIAIBD ‘URLIBAO 0} UadO Osfe
«

‘WNY (Buliapiaiur) uidirey 1oys = WYNYYs ‘10104 Buneinwins-Auojod abeydoloew a1400jnuelb = 4SD-AO :(uoniuboaas usbiue 1oy ajqisuodsal)
J101dadal 199 1 = ¥ ‘(S|199 J3]|P [eAnTeU SB1eINWINS) D-UOJaalul = DN ‘(WaISAS aunwiwi aeuul ay) Jo a1LaoydwA| 91x010142) Jaf|1 [esnteu = MN ‘(sa1hooydwA| Buiresjyui-iowny Buipnjoul sjj89 1
'S|199 43 |1 parennae-aujoydwA| ‘s|[a9 Ja||1y [einleu Sa1e|NWIS) Z-UiynajJaul = z-71 ‘9pexo0]q uiodx2ayd aunwwi ul Juedioned ‘T-uisiold yreap pawwesboid = TAd ‘serfooydwA| Bunesnjiul Jowny = 1L

gqewnzijoiquiad,,
HO .Adesayiounwiw,,
9/= ANV .J9oued iseaiq,, 1Sv3ayg
(AVLIA) 130ueD UeLeAQ
Adesayy |19 Jowny snofojoine Al/111 36818 s1y YBiH 10y wy 1BIA
pajuswibne 4SOIND pue ULNEYNYUYs-1q 30UBUBIUIEIA JO [BLLL I11/11 8SBUd (sa1e3s panun) Ly29v€201LON
18oue)d ueLleAQ
aNISSaI001d-UON aABH OUAA USWUOAA
128190 jueAn(pe ui uiajoud JaLised ut (128/228-Ld0) HIM-H 04o[9
0} pasny usbriue Jowny YHM UOIRUIOIBA UM Adelsylount] 8AOY JO el 1] (uemie] ) 8862€TZ0.LON
(s192Ued [eLIIBWOPUS
01 uado os|e) 1aoueD J11eISeIBIA YIAA
XXX
¥ X¥
¥ ¥
x NOILNIAEILNI
IviOoL INNININIT HO 3SINTHd JNVN IVIYL | 3SVHd | AYLNNOD ® 439NN TVIYL SINY3L HOYVYIS | 31IS 3sv3sia

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Expert Rev Clin Immunol. Author manuscript; available in PMC 2018 March 01.



	1. Uterine cancer: advances despite under-funding of research
	2. Neoantigen load confers a favorable prognosis and predicts response to immune checkpoint inhibition
	3. Beyond rational drug design: responsible drug diffusion
	References
	TABLE 1

