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INTERNATIONAL SEARCH REPORT International application No.

PCTIUS 20143189

A, CLASSIFICATION OF SUBJECT MATTER
IPC -  GO1N 21/00; GO1IN 33/48; GON 21/65; A61B 5/1455 (2020.01}

CPC - GO1N 21/00; GD1N 33/48; GOIN 21/65; AB1B 5/1455; GO1N 2015/0065

According (o Intemational Patent Classification {IPC) or to both national classification and IPC

B,  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

ocumnentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Sae Search History documant

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2002/0133065 A1 (LUCASSEN et al.) 19 September 2002 (19.09.2002) entire document, 1,358
— aspecially para [0025], [0017-0018), [0043], [0045) e —————
A 2,4
Y US 7,595,973 B1 (DECK) 29 Septsmber 2008 {29.09.2008) entire document, especially Col 5, |1, 3, 59
- in 8-15; Col 7, In 23-26; Coi 2, In 60-85 =emmmeererea—s
A 2,4
A US 2014/0104611 A1 (MKS TECHNCLOGY (D/B/A/ SNOWY RANGE INSTRUMENTS; 17 April| 2, 4
2014 (17.04.2014) entire document, especially para [0073]
A US 2013/0317528 A1 (RIDDER et al.) 28 Novemnber 2013 {(268.11.2013) enitre document, 2.4
especially para [0063]
A US 2018/0372632 A1 {THE TRUSTEES OF COLUMBIA UNIVERSITY IN THE CITY OF NEW |2, 4
YORK) 27 Dacember 2018 (27.12.2018) entire document, especially para [0195]
A US 2004/0127778 A1 (LAMBERT et al.) 01 July 2004 (01.07.2004) entirs dacumeant 2,4
D Further documents are listed in the continuation of Box C. I:] See patent family annex.
¥ Special categories of cited documents: “T" later document published after the international filing date or priority
“A" document defining the general siate of the art which is not considered date and not in conflict with the apghgatmn but cited ta understand
ta be of particular relevance the principle or theary underlying the invention
“D" document cited by the applicant in the international application “X" document of particular relevance; the clainved inveniion cannat be
“E" earlier application or patent but published on or afier the internasional cansidered novel or cannot be considered Lo involve an inventive step
fAling date when the document is taken alone
“L" document which may throw doubts on priority claim(s) or which “Y" d t of particular rel ; the claimed invention cannot
is cited 1o establish the publication date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“Q"  doument referring 1o.an oral disclosure, use, exhibition or other means beng obvious ta a person skilled in the art

UP"  document published prior to the international filing date but later than  “&™  document member of the same patent family
the priority date claimed

Date of the actual completion of the intemational search Date of mailing of the international search report
11 November 2020 2 'l D EC 2020

MName and mailing address of the 1SA/US Authorized officer

Mait Stop PCT, Attn: ISA/US, Commissioner for Patents Lee Young

P.Q. Box 1450, Alexandria, Virginla 223131450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/Z 10 {second sheet) (July 2019)
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INTERNATIONAL SEARCH REPORT International application No.

PCTAJS 20/43189

Box No, 11 Observations where certain claims were found unsenrchable (Continuation of item 2 of first sheet)

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

I l: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 te such an
extent that no meaningful intemational search can be carried out, specifically:

3 D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This Interational Searching Authority found multiple inventions in this international-application, as follows:

This application contalns the following Inventions or groups of invantions which are not so linked as 1o form a single general inventive
concept under PCT Rule 13.1. In order for alf inventions to be searched, the appropriate additional search fees must be paid.

Group I: Clalms 1-9 are directed te a scanning deflection system.
Group II: Claims 10-18 are directad to a blood isolation system.
Group lll: Clalms 18-20 are directed to a synthetic sample generator.
Group IV: Claims 21-22 are directad to a mathematical modal.

--see exira sheet

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

2 D As all searchable claims could be searched without effont justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additicnal search fees were timely paid by the applicant, this iniernational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. ﬁ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
ta the invention first mentioned in the claims; it is covered by claims Nos.:
19

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/219 (continuation of first sheet (2)) (July 2019)
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INTERNATIONAL SEARCH REPORT Tntomational application No.

PCT/US 20/43189

---Continyation of Box No. lll—-

The inventions listed as Groups -1V do not relate to a single general inventive concept under PCT Rule 13.1 bacause, under PCT Rule
13.2, they lack the same or corrasponding special technical features for the following reasons:

Special Technical Features

Group | includes the special technical feature of a scanning mirror positionad 10 receive the laser radiation; and a meachanical driver
coupled to tha scanning mirror and adapted to move the scanning mirror such that the scanning mirror moves a focal spot of the laser
radiation over an area of the sample over time, thus providing a reduction In average radiation intensity at any given point on or in the
sampie, not included in the other groups.

Group |l includes the special technical feature of and a computing device coupled to the pulsae sensor, laser controller and spectrometer,
the computing device adapted o correlate the speciral data with the pulse signal received from the pulse sensor based on timing data
received from the laser controller in order to isotate spectral components from analytes within the blood of the sample from spectral
components from analytes arlsing from non-blood components of the sampte, not included in the other groups.

Group [l includes the special technical féature of generating semi-synthetic data samples based on random waightings of all of the dala
in the first set of experimental data and all of the data in the second set of spactral data; training a model to determine analyte
concentration fram Rarnan signal data using the semi-synthetic data, not included in the other groups.

Group [V includes the speclal technlcal featura of when the pulse signal gither falls balow or rises above the exponentlal moving average
of the pylse signal, wherein spectral data Is generated only during peaks and valleys of the blood pulses. producing superimposed,
added and shifted first and second analyle spectral data from the Raman signals generated by impact of the first and second laser
radiation on the sample; and separating, using a mathematical model, the superimposed, added, and shifted first and second analyte
spectrat data 1o remove effects of background radiation and le isolate a signal from tha blood, not included in the other groups.

COMMON TECHNICAL FEATURES

Thae only technical feature shared by Groups -V that would otherwisa uni? the groups is, a probe for non-invasively interrogating an in
vivo sample for measurement of analytes, & laser generator for outputting Jaser radiation having a wavelength, power and an original
diameter, the laser radiation being directed toward the sample and adapted to elicit Raman signals frem the sample, receiving a first set
of experimental spectral data from in vivo subjects, detecting a pulse signal of blocd of tha in vivo sample. However, this shared
technical feature does nol represent a contribution over the prior art, because the shared technical featurs is disclosed by US
2004/0127776 A1 to Lambert &t al. (hereinafter Lambert).

Lambert discloses a probe for non-invasively interrogating an in vivo sample for measurement of analytes {para [0012]- The present
invention also provides mathods and systems which can detact the presence or absence of one or more selacted substances or
analytes of intarest In the body by optically analyzing cartaln reglons of the aya), a laser ganerator for outputting laser radiation having a
wavelangth (para [0028]- The method can include the steps of: (1) ganerating an excitation laser beam (g.9., at a wavelangth of from
about 400 to 900 nancimetars)), powsr and an original diametar (para [0031]- In certain embadiments, & low energy excitation wave can
be used to generate the Raman signal spactrum. 7Low energy?, as used hersin, means power which is on tha order of about 10-400 mJ
or less; para [0117]- This single mode fibar can help facilitate a ditfraction limited spot size at the focal point of the objestive; para [0081)-
FIG. 208 is a schamatic of a portion of the eya illustrating the angles an equations associated with power density), the laser radiation
belng directed toward the sample and adapted to slicit Raman signals from the sample {para [0073]- FIG. 18 is a schematic illustration
of an apparatus configured to illuminate and obtain the Raman spectrum from the vitreous humor of the eys according to smbediments
of the invantion), receiving a first set of experimental spectral data from in vivo subjects (para [0013} Embodiments of the invention can
employ Raman spectroscopy 1o non-invasively obtain, in vivo, at least one signature spectroscopic signal to Identify andfor measure the
level ar concentration of a substance or subsiances of interest in the subject (sither in the blood and/or brain) based on the signal),
delscling a pulse signal of blood of the in vivo sample (para [0106}- lllumination of the blood vessel{s) in the conjunctiva of the aye will
nol require as great a penstration depth as either the AH or the vitreous humor, while the vilreous humor will require the axcitation light
pulse to have an Increased panetration depth over that of the AH and the conjunctiva to reach the vitreous humor in the eye; para [3107]
= In any avent, after the selected region of the eye is illuminaled, a comesponding Raman $pestroscopis signal is obtained. Each
selected substance can generate a 7signature? spectrographic signal with different signature peaks at different frequencies).

As tha common faaturas were known in the ari at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therafare, Groups [V lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (July 2019)
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