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combined with one or more other such documnenis, such combinatien

being obvious to a person skilled in the art
“&" document member of the same patent family

Date of the actual completion of the international search

21 November 2018

Date of mailing of the international search report

11DEC 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Atin: ISA/US, Commissioner for Patents
P.Q. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Braina R. Copanheaver

PCT Holpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 {second sheet) (January 2015)




(68) JP 2020-532537 A 2020.11.12

INTERNATIONAL SEARCH REPORT International application No.
PCT/US2018/048876

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2Xa) for the following reasons:

1. I:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3 Claims Nos.: 40-84
because they are dependent claims and are not drafled in accordance with the second and third sentences of Rule 6.4(a).

Box No. I1I  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intermational Searching Authority found multiple inventions in this intemational application, as follows:
Sae extra shesi(s).

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

2z D As all searchable ¢laims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional faes.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those tlains for which fecs were paid, specifically claims Nps.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted lu Lhe invention first mentioned in the claims; it is cavered by ¢laims Nos.:

1-10, 16, 19-21, 26-27, 31-39

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

‘:l No protest aeccompanied the payment of additional search fees,

Form PCT/15A/210 (continuation of first sheet (2)) (January 2015)



(69) JP 2020-532537 A 2020.11.12

INTERNATIONAL SEARCH REPORT International application No,

PCTAIS2018/048076

Continued from Box No. lIl Observations where unity of invention is lacking

Claims 1.10, 16, 18-21, 25-27, and 31-39 have baen analyzed subjact to the restriction that the claims read on a methed of potentiating
chimaric antigen recaptor-modified immune cells (CAR-MIC} cancar Immunctherapy ¢omprising administering at least one differentiating
retinoic acid receptor (RAR} active agent, wherein the differentiating RAR active agent is a RARa agonist, wherein the RARa agonistis a
selactive RARa agonlst, whereln the RARa agonist Is a compound of general formula (1), whersin R1 is H; R2 and R3 are independently
H and R4 is a halogen, wherain the halogen is F, to a cancer patient who is receiving, has received, or is schedutad to recaive,
CAR-MIC, whetein the CAR-modified Immune cafls are CAR-modifiad T cells, wherein the cancer is a hematologic malignancy, wharein
the hamatelogical, malignancy Is acute myslold leukemia,

This application contains the following inventlons or groups of Inventions which are not so linked as to form a single general inventiva
concapt under PCT Rule 13.1. In order for all inventions to be examinad, the appropriate additional examination fees nead to be paid.

Group I+: claims 1-39 ara drawn to methods of potentiating chimeric antigen receptor-modified immune cells (CAR-MIC) cancer
immunotherapy, mathods of cancer immunothaerapy, methods of decreasing toxicity of CAR-modified immune cells, differentiating RAR
active agents, and uses of a differentiating RAR active agent in the manufacture of a medicament.

Tha first Invention of Group I+ is restricted to @ method of potantiating chimeric antigen receptor-modified immune cells (CAR-MIC)
cancer immunotherapy comprising administering at least one diffarantlating retinoic acid receptor {RAR) activa agent, wherain the
differentiating RAR active agent Is 2 RARa agonist, wherain the RARa agonist is a selectlve RARa agonist, wherain the RARa agonist is
a compound of general formuta (1), wherein R1 is H; R2 and R2 are independantly H and R4 is a halogen, wherein the halogenis F, to a
cancer patient who is receiving, has received, or is scheduled to receive, CAR-MIC, wherein the CAR-modified immune cslls are
CAR-modified T calls, wherein the cancer is a hematologic malignancy, wherein the hematological, malignancy is acute mysloid
leukemia; meihods of cancer immunatherapy; methods of decreasing toxicity of CAR-modified immune cells; differentialing RAR active
agents; and uses of a differentiating RAR active agent in tha manufacture of a medicament. It is believed that claims 1-10, 16, 19-21,
25-27, and 31-39 read on this first named invention and thus these claims will be searched without fes to the extent that they read on the
above embodiment.

Applicant is invited to elect additional formula(e) for each additlonal compaund to be searched in a specific combination by paying an
additional fee for sach set of elaction. Each additional slected formulaie} requires the selection of a stngle definition for each compaund
variable. An exemplary election would be a method of potentiating chimeric antigen receptor-modified immune cells (CAR-MIC) cancer
immunotherapy comprising administering at leas! one differentiating retineic acid receptor (RAR) active agent, wherein the diffarentiating
RAR active agent Is a RARa ageonist, wherein the RARa agonist is a salectiva RARa agonist, whereln the RARa agonist is a compound
of ganeral formula (1), wherein R1 |s C1 alkyl; R2 and R3 are Independently H and R4 is & halogen, whereln the halogen is F, to a cancaer
patient who is receiving, has received, or is scheduled to recaive, CAR-MIC, whargin tha CAR-modified immune cells are CAR-madified
T cells, wharein the cancer is a hematclogic malignancy, wherein the hematological, malignancy is acule mysioid leukemia; methods of
cancer immunotherapy; methods of decreasing toxicity of CAR-modified immune cells; differentiating RAR active agents; and uses of a
diffarentiating RAR active agent in the manufacture of a madicament, Additional formula{e} wili be searched upon the payment of
additional fees. Applicants must spacify tha claims that read on any additional elected invantions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
idenlify how any paid additional invention fees are to be applied to the “+" group{s} will rasult in only the first claimed invention to be
searched/examined.

The inventions listed in Groups |+ do not relate t¢ a single yeneral inventive concept under PCT Rule 13,1, hecause under PCT Rule
13.2 they lack the same or comesponding special technical features for the following reasons:

The Groups I+ furinulae do not share a significant structural efemant requiring the selection of altarnatlves for the retincic acld receptor
{RAR) activa agent, CAR-MIC, and cancer and accordingly these groups lack unity a priori,

Form PCT/ISA/210 (extra sheet) (January 2015}
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Additionally, even if Groups |+ wera considarad to share the technical features of a method of potentiating chimeric antigen
receptor-modified immune cells (CAR-MIC) cancer Immunotherapy comprising administering at least one differentlating retinoic acid
receptor (RAR) active agent, wherain the differentiating RAR active agent is a RARa agonist, to a cancer patlent who Is recaiving, has
received, or is scheduled to racaive, CAR-MIC; a method of cancer immunetherapy comprising administering to a subject in nead
thareof CAR-MIC and al lsast one differentiating RAR active agent, whergin the differentiating RAR active agent is a RARa agonist; a
method of decreasing toxicity of CAR-modified immune cells comprising administering to a subject in need theraecf at laast one RARa
agonist In combination with the CAR-medified immune cells such that as a result of the combination, a lowar dose of CAR-madified
immure cells is administerad but the efficacy is not decreased, as compared to administering the CAR-modified immune cells alone; a
differentiating RAR active agent for use in potentiating the immunotherapeutic effect of chimeric antigen receptor-modified immune cells
{CAR-MIC]) in the traatrment of cancer in a cancer patient who is receiving, has received, or is scheduled to receive, CAR-MIC, wherein
the differentiating RAR active agent is a RARa agonist; use of a differentiating RAR active agent in the manufacture of a medicament for
potentiating tha Immunotherapeutic effect of CAR-MIC in the treatmant of cancar in a cancer patient who is receiving, has received, or is
scheduled to receive, CAR-MIC, wherain the diffarentiating RAR active agent is a RARa agonist; chimeric antigen receptor-modified
immune cells {CAR-MIC) and a differentiating RAR active agent for use in cancer immunotherapy, wherein the differentiating RAR active
agent is a RARa agonist; use a differantiating RAR active agent in tha manufactura of a medicament for cancer immunctherapy, wharsin
tha differentiating RAR active agent |s a RARa agonist, and wharain the medicament is adapted for use in coordination with CAR-MIC; a
differentiating RAR active agent for use in reducing the toxicity of chimeric antigen receptor-modified immuna cells {CAR-MIC) cancer
immunotherapy in a cancer patient who is recaiving, has received. or is scheduled to receive, CAR-MIC, wherein the differentiating RAR
active agent is a RARa agonist, and wherain a tower dose of CAR-MIC can be used without decreasing the efficacy as comparad to use
of the CAR-MIC along; use of a differantiating RAR active agent in the manufacture of a medicament for reducing the toxiclty of
CAR-MIC cancer immunotherapy in a cancer patient who is receiving, has recelved, or is scheduled to racelve, CAR-MIC, whersin the
diffarentiating RAR active agent ls a RARa agonist, and wharein a lower dose of CAR-MIC can be used without decreasing the efficacy
as compared to use of the CAR-MIC alone; chimeric antigen receptor-modified immune cells {CAR-MIC), an immune checkpaint
inhibitor, and a differentiating RAR actlve agent for use In cancer Immunetherapy in @ cancer patient whe is receiving, has receivad, aris
scheduled to recaive, CAR-MIC, wherein the differentiating RAR active agent is a RARa agonist and the immune checkpoint inhibitar ls
an inhibitor of at laast one of CTLA-4, PD-1, TIM-3, LAG-3, PD-L1 ligand, B7-H3, B7-H4, BTLA, or Is an ICOS or OX40 agonist; use of a
differentiating RAR active agent in the manufacture of a medicament for cancer immunotharapy In a cancer patlent who is recelving, has
received, or is scheduled to receiva, CAR-MIC, wharein the differantiating RAR aclive agent is a RARa agonist, and wherein the
meadicamant Is adapted for use In coordination with CAR-MIC and an immuna checkpoint inhikitor, wherain the immune chackpaint
Inhibltor is an Inhibitor of at laast one of CTLA-4, PD-1, TIM-3, LAG-3, PD-L1 ligand, B7-H3, B7-H4, BTLA, or is an (COS or OX40
agonist, these shared technical features da not represent a contribution over the prior art as disclosed by US 2014/0286973 A1 to The
Trustees of The University of Pennsytvania, WO 2016/144976 A1 to Kings College London, and US 2007/0077852 A1 fo Peled et al.

US 2014/0286973 A1 1o The Trustees of Tha Univarsity of Pennsylvania teaches a method of potentiating chimeric antigen
racaptor-modified Immune cells (CAR-MIC) cancer immunotherapy (Para. [0183),...CAR T celis...; Para. [0373],...Immunotherapy of
Cancer} comprising administering at least one differentiating retinoic acid receptor (RAR) active agent (Para. [0183],...the CAR T cells of
the Invention In combination with a retinpic acid receptor {RARs) agonist.), wherein the differentiating RAR active agent is a RARa
aganist (Para. [0183],...all-trans retinoic acid (ATRA); It Is well known In the ant that ATRA is an RARa agonist.), to a cancer patient who
is receiving, has received, or is s¢heduled to racelve, CAR-MIC (Para. {0183],...the CAR T cells of the invantion in combination with a
retincic acid recaptor (RARS) agonist.); a method of cancer Immunagtharapy (Para. {0254),...an efficient immune response.; Para.
[0183]....CAR T calls...; Para. [0373],...Immunctherapy of Cancer) comprising administering to a subject in need thereof CAR-MIC
{Para. [0183],...CAR T cells...; Para. [0373]....Immunotherapy of Cancer ) and at least one differantiating RAR active agent {(Para.
[0183],...tha CAR T cells of the Invention in combination with a retinoic acid receplor {(RARS) agonisl.}, whersin the differentiating RAR
active agent Is a RARa agonist (Para. [0183],...all-trans retincic acid (ATRA); a differentiating RAR active agent {(Para. [0183],...tha CAR
T calls of the invention in combination with a retinoic acid receptor (RARSs) agonlst.) for use in potentiating the immunotherapeutic effect
of chimeric antigen receptor-modified immune cells {CAR-MIC) (Para. [#183),...CAR T calls...; Para. [0373],...Immunotherapy of
Cancer} in lhe treatment of cancer in a cancer patlent who Is recaiving, has received, or is schedulad to receive, CAR-MIC Para.[0183)),
whaerein the differentiating RAR agtive agent is a RARa agonlst (Para. [0183]); use of a differantiating RAR active agent (Para. [0183]....
the CAR T calls of the invention in combination with a retinoic acld recepter (RARS) agonist.} in the manufacture of a medicament (Para.
{0058]) for potentiating the immunotherapeutic effect of CAR-MIC in the treatment of cancer in a cancer patient (Para. [0183],...CAR T
cells...; Para. [0373}....iImmunotherapy of Cancer ); chimeric antigen receptor-modified immune cells (CAR-MIC) (Para. [0183),...CAR T
cells...; Para. [0373]....immunotherapy of Cancer) and a differentiating RAR active agent for usa in cancer immunotherapy (Para.
[0183]....the CAR T cells of the invention in combination with a retinolc acld receptor {RARs) agenist.); use a differentiating RAR active
agent in the manufacture of a medicament for cancer Immunotherapy (Para. [0059]), wherain the differantiating RAR active agent is a
RAR4 agonist (Para. [0183],...0ll-trane retinoic acid (ATRA), and wherein the medicament is adapted for use in coordination with
CAR-MIC (Para. [0183]); chimeric antigen receptor-modified immune cells (CAR-MIC) (Para. [0183],...CAR T cells...; Para. [0373]....
Ienmunotherapy of Cancer ), an immune checkpoint Inhibitor (Para. [0242] and [0:203], stmulatary ligand...}, and a differentialing RAR
aclive agen! for use in cancer immunotharapy In a cancer patlant who Is raceiving, has received, or is scheduled to receive, CAR-MIC
(Para. [0183]....the CAR T cells of the invention In combinatian with a retinoic acid receptor (RARs) agonist.), wherein the differentiating
RAR active agent is & RARA agonist {Para. [0183]} and the immune checkpoint inhlbitor Is an inhibltor of PD-1 (Para. [0203], A
go-stimulatory ligand also encompasses, inter alia, an antibody that spacifically binds with a co-stimulatory molecule presenton a T cell,
such as...PD-1...); and use of a diffarentiating RAR active agant (Para. [(183),...the CAR T cells of tha invention in ¢ombination with a
retinoic acid receptor (RARS) agonist.) in the manufacture of a medicamant {Para. [0058]) for cancar immunotherapy in a cancer patient
wha Is receiving, has recalved, or Is scheduled to receive, CAR-MIC (Para. [0183],...the CAR T cells of the invention in combination with
a mlinolc acid receptor (RARS) agonist.), wherein the differentiating RAR active agent is a RARa agonist {Para. [0183],...all-trans
ratinoic acid (ATRA), and wherein the medicamant is adapted for use in coordination with CAR-MIC (Para. [3183],...the CAR T cslls of
the invention in combination with a retinoic acid receptor (RARz) agonist.) and an immune checkpoint Inhibitor {Para. [0242] and [0203},
stimwatory ligand...}, whereln the Immune checkpoint inhiblter is an inhibitor of PD-1 {Para. [0203], A co-stimulatory ligand alse
encompasses, inter alia, an antibody that specifically binds with a co-stimulatory molecule present on a T cell, such 8s...PD-1...}.

Form PCT/ASA/21Q {extra sheet) (January 2015)
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WO 2016/144976 A1 to Kings College London teaches a mathod of decreasing toxicity of modified immuna cells {Para. [00€],.. . ATRA is
its many, severa, foxicities, which may be due to its agonistic effects on RAR or RARYy. As such a selective RARoc agonist will have
raduced toxicities and have broader utility.) comprising administering to a subject in need thereof at least one RARa agonist in
combination {Claim 1) with the modified immune cells such that as a result of the combination {Para. [0013),...administering a vaccine to
the patient having a tumor, and treating the patient with T-cell based therapy.; Clalm 2); a differantiating RAR active agent for usa in
reducing the toxieity of chimerle antigen receptor-modified immune cells {CAR-MIC) cancar immunetherapy in a cancer patient (Para.
[006); Clalm 1; Para. [0013]).

US 2007/00776852 A1 1o Peled et al. teach a lower dose of modified immuna cells is administered but the efficacy is not decreased, as
compared to administering the medified Immune colls alone (Para. [Q060], [0064) and [0473],...the synerglstic offect of nicotinamide on
three week cultures of hematopolstic stemn cells, prepared and co-cultured with mesenchymal cells as described in Example 1...; Para.
[0145],... using RAR.._antagonists...maethods of ex-vive expanding a population of stem cslls...; i.e., the combination of the RAR
activator and the modified immuna cells expands the stem call population, Therefore a lower dose of maodified immune cells can be
administered because the efficacy is increased when tha modified immune cells are administered with the RAR activator.).

Tha inventions listed in Groups I+ therefore fack unity under Rule 13 bacause they do not share a same or corresponding spacial
technical feature.

Form PCTASA/210 (extra sheet) (January 2015)
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