wo 2016/001082 A1 [ I 0F V0 00O 0O 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

7 January 2016 (07.01.2016)

(10) International Publication Number

WO 2016/001082 A1l

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72

International Patent Classification:
GOIN 1/31 (2006.01) GOIN 35/00 (2006.01)

International Application Number:
PCT/EP2015/064518

International Filing Date:

26 June 2015 (26.06.2015)
Filing Language: English
Publication Language: English
Priority Data:
62/018,827 30 June 2014 (30.06.2014) Us

Applicant: VENTANA MEDICAL SYSTEMS, INC.
[US/US]; 1910 Innovation Park Dr., Tucson, Arizona
85755 (US).

Applicant (for CL only): F. HOFFMANN-LA ROCHE
AG [CH/CH]; Grenzacherstrasse 124, CH-4070 Basel
(CH).

Inventors: KETTERER, Matthew; 1091 W. Eagle Land-
ing Place, Oro Valley, az 85737 (US). SCHURIG, Mi-
chael; 2723 N. Saramano Lane, Tucson, Arizona 85712
(US). WILLEMS, John; 6841 N. Skyway Drive, Tucson,
az 85718 (US). DURRANT, Timothy; 1/6 Laxdale Road,
Camberwell, Victoria 3124 (AU). QUIJADA, Jorge Nic-

(74

(8D

(84)

olas; 761 W. Bougainvilla Drive, Oro Valley, Arizona
85755 (US).

Agents: GOEHRING, Frank et al,; Roche Diagnostics
GmbH, Patent Department (LPP.....6164), P.O.Box 11 52,
82372 Penzberg (DE).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: AUTOMATED SPECIMEN PROCESSING SYSTEMS AND METHODS

170
346

Wax Cracker
s

243

FIG. 12A

340

(57) Abstract: The disclosure presents systems and methods
for processing a specimen slide using a specimen processing
system. Specimen slides may sequentially be ejected from a
slide carrier towards a label reader to determine an appropri-
ate processing protocol for the slides. A cracking element may
be engaged with the slide carrier prior to ejecting the slide, in
order to break or "crack" any residual adhesive bond between
edges of a slide and walls of the carrier. The specimen slides
may be horizontally aligned and resting on a corresponding
plurality of flat shelves, enabling even spacing via gravita-
tional forces. The slides are therefore evenly spaced, enabling
damage-free ejection of slides, and proper positioning for ad-
ditional operations including scanning, viewing, heating,
washing, and other processing. The label reader may process
scanned information from the label of the slide to determine
one or more attributes of the slide, and to generate an order or
sequence of operations to be thereafter performed on the
slide.



WO 2016/001082 A1 AT 00T 00T O A

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2016/001082 PCT/EP2015/064518

10

15

20

25

AUTOMATED SPECIMEN PROCESSING SYSTEMS AND METHODS

BACKGROUND OF THE SUBJECT DISCLOSURE

Field of the Subject Disclosure

The subject disclosure relates to systems for preparing specimens for analysis. In
particular, the subject disclosure relates to specimen processing systems for processing

specimen slides.

Background of the Subject Disclosure

A wide variety of techniques have been developed to prepare and analyze biological
specimens. Example techniques include microscopy, microarray analyses (ec.g.,
protein and nucleic acid microarray analyses), and mass spectrometric methods.
Specimens are prepared for analysis by applying one or more liquids to the specimens.
If a specimen is treated with multiple liquids, both the application and the subsequent
removal of each of the liquids can be important for producing samples suitable for
analysis. Microscope slides bearing biological specimens, e.g., tissue sections or cells,
are often treated with one or more dyes or reagents to add color and contrast to
otherwise transparent or invisible cells or cell components. Specimens can be
prepared for analysis by manually applying dyes or other reagents to specimen-bearing
slides. Automated machines immerse specimens in liquids by a technique similar to
manual immersing techniques. These automated machines can process specimens in

batches by submerging racks carrying microscope slides in open baths.

Unfortunately, there are numerous issues with existing systems. Carryover of liquids
between containers leads to contamination and degradation of the processing liquids.
Further, slide carriers may have undergone externally processing such as drying and
deparaffinization. The heat from these processes causes wax on the slides to melt and
make contact with the slide carrier. After cooling, the wax hardens to create a bond
between the slide and the slide carrier, which hinders ¢jection of slides from the slide
carrier for subsequent processing. Worse, the slides may be misaligned based on how
they were oriented when the wax is dried. If the slides are misaligned, subsequent
processes such as imaging, ctc. are hindered. Morcover, current automated staining

systems rely on manual loading of slides onto individual platforms. Some of these
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systems require a user to manually map the location of each slide in the system. There
is no currently optimized method for removing the adhesive bond between the slide
and the slide carrier, individually ejecting slides in an aligned fashion, and

automatically processing each slide based on the contents of its label.

SUMMARY OF THE SUBJECT DISCLOSURE

The exemplary embodiments described herein include systems and methods for
processing a specimen slide using a specimen processing system. Generally, a
specimen slide may be ejected from a slide carrier towards a staging device. The
specimen slide may be one of a plurality of specimen slides carried by the slide carrier,
and cach specimen slide may be horizontally aligned and resting on a corresponding
plurality of flat shelves, enabling optimal alignment via gravitational forces, as further
described herein. The slides are therefore evenly spaced, enabling damage-free
¢jection of slides, and proper positioning for additional operations including scanning,
viewing, heating, washing, and other processing. The slide may be ¢jected using a
slide cjector that engages an cjector element or “finger” with the slide to push the slide
onto a slide holding region of the staging device. For instance, the staging device may
include a standby platform and an over-travel inhibitor, and a vacuum may be drawn
through the over-travel inhibitor to stop forward movement of the slide on the slide
holding region. The specimen-bearing microscope slides can be sequentially moved
from the carrier to the slide staging device by indexing the shelves at a slide removal
position adjacent to a platform of the slide staging device. A presence of the slide may
be detected on the holding region by a controller via a plurality of sensors. For
instance, the presence of the slide may be detected by changes in the vacuum suction
of the over-travel inhibitor, changes in pressure within the vacuum port, fluid lines
and/or vacuum sources, as well as other sensors including pressure sensors, optical

sensors, motion sensors, etc.

Once ¢jected, an alignment of the slide may be further corrected from a misaligned
position to an aligned position using, for instance, a plurality of aligning members that
are coupled to a corresponding plurality of actuators adjacent the holding region. The
aligning members may engage the slide to move the slide to an aligned position and,
following alignment of the slide, the actuators can move the aligning members back to

a starting position and away from the aligned slide. Once properly aligned, the slide
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may be transported to one or more processing stations. The side may be transported
from the standby platform to, for example, a specimen processing station while
maintaining alignment of the slide. A transport assembly having a transfer head may
be aligned with the standby platform via a plurality of head alignment features. The
transfer head may be configured to engage, pick up and transport the slide using a

capture feature such as, for instance, a vacuum provided by a vacuum source.

In exemplary embodiments, a cracking element may be engaged with the slide carrier
prior to ¢jecting the slide, in order to break or “crack” the residual adhesive bond
between edges of a slide and walls of the carrier described in the Background. For
instance, the system may be programmed to “dry” the slides within a rack, thereby
causing a wax residue between the slide and the carrier walls to harden, and creating
an adhesive bond. The slides may be improperly aligned when this bond is sealed.
Any subsequent ¢jection mechanism may cause damage to the slide. Therefore the
subject disclosure introduces a cracking clement that is significantly wider than the
¢jector element, and actuating the cracking element towards the slide rack to break or
crack bonds between one or more slides and the walls of their respective shelf or “slot”
within the slide rack. The wide cracking element may be sufficiently sized to crack the
adhesive bond of all the slides within a rack, or any number of slides within the rack.
Then, a narrow ¢jector clement may be engaged to eject a single slide among the

plurality of cracked slides having their bonds broken.

In exemplary embodiments, the slide may be ejected onto a staging device positioned
adjacent a label reader or scanner. The label reader or scanner may process scanned
information from a label of the slide to determine one or more attributes of the slide,
and to generate an order or sequence of operations to be thereafter performed on the
slide. For instance, a processor coupled to the reader may correlate the one or more
attributes of the slide with a database to retricve instructions on how the slide is
intended to be processed. The reading of the label allows software stored on a memory
coupled to the processor to instruct the processor to determine what assays are to be
executed, and to determine if the proper reagents are on board the system. The
automated specimen processing system may include a controller communicatively
coupled to the slide ejector assembly. The controller, for example, can be programmed
to command the slide alignment device. For instance, the controller may be

programmed to control a transfer head to align with the slide staging device and to
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transport the slide from the standby to a specimen processing station. The controller
may perform operations based on the processing instructions determined by the

processor as a result of reading or scanning a label of the slide.

Once scanned, the slide may be placed back into the slide carrier by an opposing
¢jector clement or “pusher clement” that is actuated to guide or push the slide back
into its corresponding slot of the slide carrier. Optionally, the scanner may be moved
aside, and one or more subsequent viewing or processing operations may be performed
on the slide prior to its return to the slide carrier. Eventually, the slide is returned to
the slide carrier, and the slide carrier may be transported to other arcas of the specimen

processing station as further described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a specimen processing system, according to an exemplary embodiment

of the subject disclosure.

FIG. 2 shows an isometric exploded view of the specimen processing system,

according to an exemplary embodiment of the subject disclosure.

FIG. 3 shows an ¢jector assembly, according to an exemplary embodiment of the

subject disclosure.

FIG. 4 shows components of an ¢jector assembly, according to an exemplary

embodiment of the subject disclosure.

FIG. 5 shows a slide carrier in an intermediate position in an ¢jector assembly,

according to an exemplary embodiment of the subject disclosure.

FIG. 6 shows a slide carrier in a horizontally-aligned position in an ¢jector assembly,

according to an exemplary embodiment of the subject disclosure.

FIG. 7 shows components of an ¢jector in an ¢jector assembly, according to an

exemplary embodiment of the subject disclosure.

FIG. 8 shows an alternate view of the ¢jector, according to an exemplary embodiment

of the subject disclosure.
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FIG. 9 shows a top view of the ¢jector, according to an exemplary embodiment of the

subject disclosure.

FIG. 10 shows a label reader coupled to a slide carrier and ejector assembly, according

to an exemplary embodiment of the subject disclosure.

FIG. 11 shows another view of the label reader, according to an exemplary

embodiment of the subject disclosure.

FIGS. 12A-D show a method for ¢jecting a slide from a slide carrier using a cracking
clement and an ¢jector element, according to an exemplary embodiment of the subject

disclosure.

FIGS. 13A-C show differently shaped cracking clements, according to an exemplary

embodiment of the subject disclosure.
DETAILED DESCRIPTION OF THE SUBJECT DISCLOSURE

The exemplary embodiments described herein include systems and methods for
processing a specimen slide using a specimen processing system, described below with
reference to FIGS. 1-13, and described in further detail in commonly-assigned and co-
pending U.S. Patent Application No. 13/831,255, the contents of which are hereby

incorporated by reference herein in their entirety.

Generally, a specimen slide may be ejected from a slide carrier towards a staging
device. The specimen slide may be one of a plurality of specimen slides carried by the
slide carrier, and each specimen slide may be horizontally aligned and resting on a
corresponding plurality of flat surfaces or “slots”, enabling optimal alignment via
gravitational forces, as further described hercin. The slides are therefore evenly
spaced, enabling damage-free ejection of slides. The optimal alignment is used to
properly position the slides for additional operations including scanning, viewing,
heating, washing, and other processing. The slide may be cjected using a slide ¢jector
that engages an ¢jector element or “finger” with the slide to push the slide onto a slide
holding region of the staging device. For instance, the staging device may include a
standby platform and an over-travel inhibitor, and a vacuum may be drawn through the
over-travel inhibitor to stop forward movement of the slide on the slide holding region.

A presence of the slide may be detected on the holding region by a controller via a
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plurality of sensors. For instance, the presence of the slide may be detected by
changes in the vacuum suction of the over-travel inhibitor, changes in pressure within
the vacuum port, fluid lines and/or vacuum sources, as well as other sensors including

pressure sensors, light sensors, motion sensors, etc.

Once ¢jected, an alignment of the slide may be further corrected from a misaligned
position to an aligned position using, for instance, a plurality of aligning members that
are coupled to a corresponding plurality of actuators adjacent the holding region. The
aligning members may engage the slide to move the slide to an aligned position and,
following alignment of the slide, the actuators can move the aligning members back to
a starting position and away from the aligned slide. Once properly aligned, the slide
may be transported to one or more processing stations. The slide may be transported
from the standby platform to, for example, a specimen processing station while
maintaining alignment of the slide. A transport assembly having a transfer head may
be aligned with the standby platform via a plurality of head alignment features. The
transfer head may be configured to engage, pick up and transport the slide using a

capture feature such as, for instance, a vacuum provided by a vacuum source.

For the following description, it can be assumed that most correspondingly labeled
structures across the figures (e.g., 132 and 232, etc.) possess the same characteristics
and are subject to the same structure and function. If there is a difference between
correspondingly labeled elements that is not pointed out, and this difference results in
a non-corresponding structure or function of an element for a particular embodiment,

then that conflicting description given for that particular embodiment shall govern.

FIG. 1 shows a specimen processing system 100 comprising a protective housing 120,
a slide carrier parking station 124, an opposable carrier loading station 130, and
reagent parking stations 140, 142. System 100 can automatically process specimen-
bearing slides using opposables loaded via the loading station 130 to perform, for
example, specimen conditioning (c.g., cell conditioning, washing, deparaffinizing,
ctc.), antigen retrieval, staining (e.g., H&E staining), or other types of protocols (e.g.,
immunohistochemistry protocols, in situ hybridization protocols, ctc.) for preparing
specimens for visual inspection, fluorescent visualization, microscopy, microanalyses,
mass spectrometric methods, imaging (c.g., digital imaging), or other analytical or

imaging methods. System 100 can simultancously process 20 specimen-bearing slides
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using the same or different protocols to provide processing flexibility and a relatively
high throughput. The specimens can remain on the slides throughout processing (e.g.,
baking through staining) for convenient handling and preventing cross-contamination.
The staining and processing protocols for each slide may be determined by scanning a

label on each individual slide as further described herein.

Moreover, a biological specimen can include one or more biological samples.
Biological samples can be a tissue sample or samples (e.g., any collection of cells)
removed from a subject. The tissue sample can be a collection of interconnected cells
that perform a similar function within an organism. A biological sample can also be
any solid or fluid sample obtained from, excreted by, or secreted by any living
organism, including, without limitation, single-celled organisms, such as bacteria,
yeast, protozoans, and amocbas, multicellular organisms (such as plants or animals,
including samples from a healthy or apparently healthy human subject or a human
patient affected by a condition or disecase to be diagnosed or investigated, such as
cancer). In some embodiments, a biological sample is mountable on a microscope
slide and includes, without limitation, a section of tissue, an organ, a tumor section, a
smear, a frozen section, a cytology prep, or cell lines. An incisional biopsy, a core
biopsy, an excisional biopsy, a ncedle aspiration biopsy, a core needle biopsy, a
stereotactic biopsy, an open biopsy, or a surgical biopsy can be used to obtain the

sample.

The protective housing 120 inhibits, limits, or substantially prevents contaminants
from entering an internal processing environment. The protective housing 120 can
include a cover 146 that can be opened to access internal components, including,
without limitation, imaging devices (c.g., label scanners, barcode readers, cameras,
etc.), robotic components (c.g., robotic arms), transport devices (e.g., conveyors,
actuators, etc.), fluidic components, specimen processing stations, slide platens,
mixing components (c¢.g., mixing wells, reagent trays, etc.), slide carrier handling
components, opposable carrier handling components, dryers, pressurization devices
(e.g., pumps, vacuum devices, etc.), or the like. The parking station 124 includes a
row of bays. A slide carrier in the form of a basket is positioned in a left bay 148.
Each bay can be configured to receive other types of slide carriers, such as racks,
baskets, trays, or other types of carriers suitable for carrying slides before, during, or

after specimen processing. The illustrated parking station 124 includes 12 bays
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separated by dividers. The number of bays, positions of bays, bay orientations, and

bay configurations can be selected based on the types of slide carriers to be used.

The loading station 130 includes a receiving opening 150 through which a user can
load an opposable carrier. The opposable carrier can be a magazine that holds a stack
of opposable clements. In other embodiments, the opposable carriers can be
cartridges, or other portable structures for carrying opposables. The parking stations
140, 142 cach include a row of bays. Each bay can hold one or more containers,
including bulk reagent containers, bottles, bag-in-box reagent containers, or the like.
The parking station 142 can hold bulk liquid containers that provide liquids used in
larger volumes, such as wash solutions. Empty containers in the parking stations 140,
142 can be conveniently replaced with full containers. Fluid movement into, out of,
and within specimen processing stations can be controlled by a fluidics module that
includes, for example, pumps, valves, and filters. A pneumatics module can supply
pressurized air and generate vacuums to perform various slide processing operations
and to move fluids throughout the system 100. Waste can be delivered to a waste
drawer 143. The waste drawer 143 holds waste containers 149A, 149B (see FIG. 2).
The pneumatics module can deliver waste from the specimen processing stations to the

containers 149A, 149B, which can be emptied periodically.

A controller 144 can command system components and can generally include, without
limitation, one or more computers, central processing units, processing devices,
microprocessors, digital signal processors (DSPs), application-specific integrated
circuits (ASICs), readers, and the like. To store information, the controller 144 can
include, without limitation, one or more storage elements, such as volatile memory,
non-volatile memory, read-only memory (ROM), random access memory (RAM), or
the like. The stored information can include heating programs, optimization programs,
tissue preparation programs, calibration programs, indexing programs, mixing

programs, or other executable programs.

Moreover, as described herein, reading or scanning a label or barcode of cach slide
may trigger software-gencrated staining protocols and other operations according to
predetermined sequences. For instance, optimization programs can be executed to
optimize performance (e.g., enhance heating, reduce excess reagent consumption,

increase productivity, enhance processing consistency, or the like) based on an
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identifier or attribute of the slides in the carrier. The processing may be optimized by
determining, for example, an optimum schedule to (1) increase processing speeds, (2)
reduce the time of heating or cooling cycles, (3) increase throughput (e.g., increase the
number of slides processed in a certain length of time), and/or (4) reduce reagent
waste. In some embodiments, the controller 144 determines loading sequences for
loading the specimen processing stations to reduce processing times and to determine
loading sequences of the dispensers. This saves time because fluids can be dispensed
onto the next specimen-bearing slide as soon as a specimen-bearing slide is removed
from the specimen processing station. In some embodiments, the controller 144

determines sequences for mixing and dispensing reagent using the mixing station 165.

The controller can receive slide information from a reader (not shown) that obtains
slide information (e.g., a target processing temperature, a target processing temperature
range, replenishing rate, etc.) from a label of a slide. With the target processing
temperature or target processing temperature range and a total evaporation rate, the
controller 144 can determine a target range of equilibrium volumes. The controller
144 can receive additional information such as a total evaporation rate, look-up tables,
temperature set points, duty cycles, power settings, environmental information such as
ambient temperatures and/or humidity, processing protocols, etc. A processor on the
controller or reader may be programmed to read a label or barcode of a slide and
communicate with a data server or other similar device in order to retrieve information
from a database based on the label. The memory can store different instructions for
different processes, including contacting the specimen with a wash, applying a reagent
(e.g., a stain) to the specimen, heating and cooling the slide to one or more target
temperatures for different processes, etc. The controller may receive the information
and execute a plurality of instructions stored in the memory that enable various
components of the automated specimen processing system to perform operations that

are optimized for the slide based on the label.

FIG. 2 is an isometric exploded view of the specimen processing system 100 including
a processing station 163, a slide ¢jector assembly 200, an opposable dispenser 380, and
a specimen return mechanism 157. The processing station 163, the slide ejector
assembly 200, and the opposable dispenser 380 are positioned at the left side of an
internal environment 121. The specimen return mechanism 157 is positioned at the

right side of the internal environment 121. A mixing station 165 is positioned
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generally below the specimen return mechanism 157 and can include reservoirs (e.g.,
reservoir wells). Reagents can be mixed in the mixing station 165. In other
embodiments, the mixing station 165 can hold containers (e.g., vials, beakers, etc.) in
which substances are stored and/or mixed. A row 152 of 20 specimen processing

stations can independently process biological specimens.

In operation, a user can load slide carriers carrying specimen-bearing slides into the
empty bays of the parking station 124 of FIG. 1 and can load opposable carriers
carrying opposables into the loading station 130. The slide carriers can be transferred
to a reader (e.g., a label reader, a barcode reader, etc.), not shown that reads labels, if
any, on the slides. Each slide may be ¢jected from the slide carrier towards a label
reader, and then moved back into the slide carrier. The label information for each slide
may be communicated to a processor for a determination of attributes and sequences of
operations that are intended to be performed on the slide. Some of these operations
may be performed by additional units or modules within specimen processing system
100. For instance, the slide carriers can be delivered to the processing station 163
which can include, without limitation, a dryer (e.g., a dehydration unit), a heating unit
(c.g., a baking module), or other component capable of removing water from the
slides, heating specimens (e.g., heating specimens to adhere the specimens to the
slides), or the like. In some embodiments, the processing station 163 blows hot air
over slides to dry the slides, and if the specimens contain paraffin, the hot air can
soften the paraffin to promote adhesion of the specimens to the slides. An air system
can partially recirculate air to control the humidity in the processing station 163. Slide
carriers can be picked up and transported from the processing station 163 to another
module (e.g., a specimen processing station, a label reader, etc.) or returned to one of

the bays of the parking station 124.

The specimen return mechanism 157 can load specimen-bearing slides into a slide
carrier. The loaded slide carriers can be transported to the parking station 124. If the
slide carriers are compatible with an automated coverslipper, the slide carriers may be
transported from the parking station 124 to an automated coverslipper for
coverslipping.  Alternatively, the slides can be manually coverslipped. The
coverslipped slides can be analyzed using optical equipment, ¢.g., a microscope or
other optical devices. For instance, coverslipped slides may be ejected from the slide

carrier to a label reader for a determination of how to process the slide, and
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subsequently guided back into the slide carrier for subsequent processing. Moreover,
any adhesion caused by wax melting during heating of the slide, whether performed
external to the system or within the system, may be broken by cracker elements prior

to ejection of slides, as further described herein.

FIGS. 3 and 4 show a slide carrier 170 loaded into a slide ejector assembly 200
(“ejector assembly 2007). A plate 216 of FIG. 3 is shown removed in FIG. 4. The
¢jector assembly 200 includes a slide carrier handler 202 (“carrier handler 202”), a
slide staging device 210 (“staging device 210”), and an ejector 212. The carrier
handler 202 can include a carrier receiver 220 (FIG. 4) and a receiver rotator device
224 (FI1G. 4). The carrier receiver 220 includes a pair of spaced apart arms 226 (e.g.,
clongate members, cantilevered members, etc.) upon which the slide carrier 170 can
rest. The illustrated slide carrier 170 is a slide rack capable of holding microscope
slides in a spaced-apart arrangement. One slide is shown in the carrier 170 of FIGS. 3
and 4. In some embodiments, the slide carrier 170 can be a basket, such as a
SAKURA® basket or similar basket with shelves or dividers.

The carrier receiver 220 of FIG. 4 can include one or more grippers, clamps, retainers,
or other components that releasably hold slide carriers. The receiver rotator device 224
can include, without limitation, one or more motors, actuation devices, or other
components capable of rotating the arms 226. The arms 226 can move along an
arcuate track, a pivoting mechanism, or the like to rotate the slide carrier 170. The
carrier handler 202 can further include a carriage 230 and a rail 232. The carriage 230
can travel along the rail 232 to move the slide carrier 170 vertically. Further, one or
more slide guidance features 225 may be incorporated into carriage 230, ncarby or
adjacent rail 232, to prevent incorrect jettisoning of slides due to momentum generated

in the transition from vertical slides to horizontal slides.

Referring again to FIG. 3, a fully or partially loaded slide carrier can be inserted
between the plates 214, 216. The receiver rotator device 224 (FIG. 4) can rotate the
carrier receiver 220 from a loading position 213 (FIG. 3) in which slides are held in a
substantially vertical orientation to an intermediate position 215 (FIG. 5) in which
slides are held in a substantially horizontal orientation. The term "substantially
horizontal" genecrally refers to an angle within about +/-3 degrees of horizontal, for

example, within about +/-1 degree of horizontal, such as within about +/-0.8 degrees of
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horizontal. The slide carrier 170 can be moved vertically to an unloading position 217
(FIG. 6). The unloading position 217 holds the slides horizontally, allowing the slide
to rest on a flat surface of its respective shelf within slide carrier 170, enabling the
slide to be properly aligned with respect to a flat surface of a staging device 210. The
slides are therefore evenly spaced, enabling damage-free cjection of slides. The
¢jector 212 can sequentially move the specimen-bearing slides to the staging device
210, without any risk of damaging the tissue on the slide by the slide being misaligned.
The staging device 210 can position the specimen-bearing slide for subsequent
transport to other units of the system 100. Alternatively, the ejector 212 can
sequentially eject individual slides by a specified distance to be scanned by a label
reader or barcode scanner, and a pusher element can guide the slides back into the rack
for subsequent processing. A cracker element may be engaged with the slides to break
free any residual adhesive bonds caused by excess wax from a heating or drying
operation. Morcover, the horizontal alignment of the slides enables proper alignment
for ejection subsequent to using the wax cracking element to dislodge or to crack the

bond between slides that are attached to the carrier 170.

FIGS. 7-9 show the ¢jector 212, which includes an ¢jector element 330, a base 334,
and a drive mechanism 336. The ejector element 330 includes an elongate portion 340
positioned on a linear rail or other reduced friction device on the base 334 and a
mounting portion 342 coupled to a rod 344 of the drive mechanism 336. The drive
mechanism 336 can provide reciprocating linear motion and can comprise, without
limitation, one or more stopper motors, pistons (e.g., pneumatic pistons, hydraulic
pistons, etc.), pressurization devices (e.g., pumps, air compressors, etc.), sensors, or
the like. The illustrated rod 344 has been moved in the direction indicated by arrow
350 to move the cjector element 330 from a first or initial position 351 (illustrated in
phantom line in FIG. 9) across a slide carrier receiving gap 352 (“gap 352”) such that a
head 360 of the clongate portion 340 pushes a slide onto the standby platform 240.
The head 360 can comprise a compliant material (e.g., rubber, plastic, etc.) to avoid
damaging the slides. In some embodiments, the head 360 can push the slide along a
surface of the holding region 250 until the slide is at the desired location. Slides can

be removed from the slide carrier 170 one at a time until the slide carrier 170 is empty.

Referring again to FIGS. 1 and 2, a user can load a slide carrier holding specimen-

bearing slides into the parking station 124. A transfer mechanism can transport the
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slide carrier to the ¢jector assembly 200. The transfer mechanism can include, without
limitation, one or more robotic handlers or arms, X-Y-Z transport systems, conveyors,
or other automated mechanisms capable of carrying items between locations. In some
embodiments, the transfer mechanism includes one or more end effectors, grippers,
suction devices, holders, clamps, or other components suitable for gripping the slide
carrier. The ejector assembly 200 moves the slide carrier 170 to the unloading position
217 (FIG. 6). The slide carrier 170 is moved vertically to index slides relative to a
reference position. The reference position can be a plane (e.g., a fixed slide removal
plane 275 shown in FIG. 6) defining a slide removal position. A bottom of the slide to
be removed can be generally coplanar or slightly above a surface of a staging device.
The drive mechanism 336 can move the ¢jector element 330 horizontally to move the
clongate portion 340 (FIG. 7) through the carrier 170 to push the slide out of the
carrier. A second clongate portion (not shown) may be moved to crack or break a
bond between the slide and the carrier prior to using elongate portion 340 to push the
slide out. The second clongate portion or “cracking clement” may be wider than
clongate portion 340, and may be controlled by a separate actuator. One or more
slides may be loosened from any adhesive bond with carrier 170, enabling elongate
portion 340 to push individual slides out. Once pushed out and properly aligned, the
slide 243 can be scanned by a label reader, processed, or transported to a specimen
processing station. The drive mechanism 336 can move the cjector element 330 back
and forth and the slides can be indexed to sequentially deliver all of the slides to the

staging device 210 or to the label scanner further described herein.

To protect the specimens, the lowermost slide in the slide carrier 170 can be ¢jected
first. By starting with the lowermost slide, the specimen(s) on the vertically adjacent
slide can be facing away from the head 360 and thercfore protected. If the head 360 is
vertically misaligned with the slide to be removed, the head 360 may strike the bottom
of the vertically adjacent slide without dislodging the specimen(s) on the upper surface
of the vertically adjacent slide. After removing the lowermost slide, the lowermost
slide left in the slide carrier 170 can be removed. This process can be repeated until
the slide carrier 170 is empty. Other indexing sequences can be used to remove or

scan the slides.

The empty slide carrier 170 can be returned to the loading position (FIG. 3) and then
transported to one of the bays of the parking station 124. The empty slide carrier 170



WO 2016/001082 PCT/EP2015/064518

10

15

20

25

30

-14 -

can be removed from the parking station 124 and filled with specimen-bearing slides
and returned to the parking station 124. Alternatively, the empty slide carrier 170 can
be filled with processed specimen-bearing slides using the ejector assembly 200. A
pusher assembly can be used to push processed specimen-bearing slides on the staging
device 210 into a slide carrier. Thus, the ¢jector assembly 200 can be used to both
unload and load slide carriers. The pusher assembly may be coupled to, for instance, a
label scanner. The slide would then be pushed out of the carrier onto a staging device
coupled to the label scanner, scanned, and then pushed back into the carrier using the

pusher assembly.

In exemplary embodiments, the slide may be ejected onto a staging device coupled to a
label reader or scanner. The label reader or scanner may process scanned information
from a label of the slide. The scanned information may be used to confirm that the
expected slide has been e¢jected, for instance, in the case where the label reader is a
component of the slide / arc transfer module 160 in FIG. 2. In some embodiments, the
scanned information may be used to determine one or more attributes of the slide, and
to determine a processing protocol for the slide, or an order or sequence of operations
to be thereafter performed on the slide, for instance, in the case of a scanner or label
reader coupled to a “lookahead” module. For instance, a processor coupled to the
reader may correlate the one or more attributes of the slide with a database to retrieve
instructions on how the slide is intended to be processed. The reading of the label
allows software stored on a memory coupled to the processor to instruct the processor
to determine what assays are to be executed, and to determine if the proper reagents

are on board the system, among other automated processes.

FIGS. 10 and 11 show a label reader 400 coupled to an specimen processing system,
according to an exemplary embodiment of the subject disclosure. The slide may be
pushed out to staging device 210 to be viewed by label reader 400. An optical sensor
405 may be used to determine whether or not the slide is optimally aligned, and
alignment mechanisms may be used to optimally align the slide prior to being scanned
by reader 400. Alternatively, the slide may be pushed out to a separate staging arca
coupled to or within reader 400. This separate staging arca coupled to or within reader
400 can enable a “lookahead” feature that is used to determine assays and confirm on-
board reagents, etc. Reader 400 may be in communication with a processor and a

memory via interface 401. Upon reading the label, reader 400 may communicate
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information from the label, such as a slide identifier and other attributes, to the
processor to determine a sequence of operations or processing protocol for the slide.
The attributes may include an age of the slide, a specimen type, stain information, and
other identifiable factors that may influence how the slide is intended to be processed.
The slide may then be processed accordingly, either by being transported from staging
device 210 to another unit of the system, or by being pushed back into the carrier 170
and subsequently processed. The slide may be pushed back into carrier 170 by pusher
clement 345, which may also be coupled to ejector element 330 and actuated by one or

more actuators in ejector 212.

FIG. 11 shows another view of the label reader with the front plate 216 removed. As
is visible in FIG. 11, a slide from carrier 170 may be pushed in a direction 350 by an
clongate portion 340 of cjector element 330, until it is viewable by reader 400. The
slide may be ejected onto a viewing platform of staging device 210, or into a separate
platform enclosed within reader 400. The slide may be pushed back into carrier 170
from the platform of staging device 210 by pusher clement 345 coupled to ejector
clement 330. The pusher clement 345 may be actuated to guide or push the slide back
into its corresponding slot of the slide carrier 170. Optionally, the scanner 400 may be
moved aside, and one or more subsequent viewing or processing operations may be
performed on the slide prior to its return to the slide carrier 170. Eventually, the slide
is returned to the slide carrier 170, and the slide carrier 170 may be transported to other
areas of the specimen processing station as further described herein. Alternatively, the

slide may be transported separate from carrier 170 via a slide transport mechanism.

In exemplary embodiments, a cracking clement may be engaged with the slide carrier
prior to ¢jecting the slide, in order to break or “crack” the residual adhesive bond
between edges of a slide and walls of the carrier described in the Background. For
instance, a cracking element that is significantly wider than the ejector element may be
actuated towards the slide rack to breaks or crack bonds between one or more slides in
the slide rack. The wide ejector element may be sufficiently sized to crack the
adhesive bond of all the slides within a rack, or any number of slides within the rack.
Then, a narrow ¢jector clement may be engaged to eject a single slide among the

plurality of cracked slides having their bonds broken.
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FIG. 12A-12D show a method for ¢jecting a slide from a slide carrier using a cracking
clement and an ¢jector element, according to an exemplary embodiment of the subject
disclosure. A cracking element 346 and an clongate portion 340 of an ¢jector clement
are shown adjacent a slide carrier 170 containing slides 243 in a horizontally-aligned
position, according to an exemplary embodiment of the subject disclosure. As
mentioned herein, cracking element 346 may be sized sufficiently wide to impact one
or more slides 243 in carrier 170 with sufficient force to break the adhesive bond that
may exist as a result of melted wax adhering the slides 243 to carrier 170, for instance
from a previously performed heating operation. FIG. 12A shows the cracking element
346 being moved in a direction towards slide rack 170, to break the wax bond between
carriecr 170 and slides 243. At this point, cach slide 243 is properly horizontally
aligned by virtue of the forces of gravity enabling it to rest on its respective shelf of
carrier 170.

Subsequent to the cracking operation, FIG. 12B shows the carrier 170 being lowered to
a position whereby the lowest slide 243 is properly aligned with a receiving area to the
left of slide carrier 170, in order to be read by a label reader, or to perform other
processes on slide 243. FIG. 12C shows clongate member 340 being actuated to
engage and push single slide 243 out of carrier 170. Elongate member 340 is
appropriately sized to engage only one slide at a time. Elongate member 340 may be
moved back to its initial position. Subsequent to any imaging, scanning, or other
operations, slide 243 may be guided back into its slot by pusher clement 345. Pusher
clement 345 may be actuated by the same actuator that moves elements 346 and 340,
by virtue of being coupled to the same e¢jector, or may be actuated by a scparate
actuator. Slide 243 is now in its original position, and rack 170 may be incrementally

lowered to ¢ject the next slide.

It generally takes a force of approximately 25 Newtons to break a single slide free of
its wax bond. Although pushing multiple slides away from this adhesive bond ensures
that the slides are evenly spaced and properly aligned due to gravity, this requires a
large amount of force. For instance, breaking the bonds of 20 slides (i.c. an entire
SAKURA (RTM) rack) would be 500 Newtons, or approximately 112 lbs. of force.
Such a force may be higher than desirable for the actuators and other components of
the system. Therefore, cracking clements of different thicknesses or widths may be

used to break these bonds prior to ¢jecting the slides. Morcover, different actuating
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mechanisms may be employed to crack the bond versus ejecting slides. For instance,
in some exemplary embodiments, cracking clement 346 may be coupled to a motor-

driven actuator, while clongate member 340 may be coupled to a pneumatic actuator.

FIGS. 13A-C show differently-shaped cracking elements, according to exemplary
embodiments of the subject disclosure. With the slide carrier 170 now horizontally
aligned, potentially adhered slides are freed using a wide cracking element that is wide
enough to break the bonds of three to four slides at a time. This reduces the overall
force required to break the bonds. This process is then followed by the individual
¢jection of each slide 243 using elongate member 340, which engages one slide 243 at
a time for operations such as label reading, bar code scanning, etc., for triggering
software-generated staining protocols according to pre-determined user need. The
slides may then be pushed back in by the pusher element, returning to their position to
carrier 170, which may then be transported to other operations such as drying, heating,
washing, or staining. Alternatively, the slide 243 may be individually transported after
being cjected. If the carrier 170 is transported with all slides 243 in place, similar

crack-and-¢ject mechanisms may be used to ¢ject slides for subsequent operations.

FIGS. 13B and C show alternate shapes for cracking clement 346. For instance, an
undulating surface 347 enables breaking bonds of a plurality of slides 243, but not all
the slides, thereby reducing the force necessary to break these bonds. A ridged surface
348 may offer more precision and cracking of multiple slides with a single push
without using excessive force. The ridged surface 348 enables different sets of slides
to be broken free from the slide carrier 170 at different depths, prior to eventual
¢jection by clongate member 340. The added advantage to surfaces 347 and 348
ensure that unnecessary vertical movement of the cracking clement is minimized,
thereby avoiding scratching the slide from an odd angle that is not perfectly in line

with the horizontally aligned slide.

The foregoing disclosure of the exemplary embodiments of the present subject
disclosure has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the subject disclosure to the precise forms
disclosed. Many variations and modifications of the embodiments described herein

will be apparent to one of ordinary skill in the art in light of the above disclosure. The
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scope of the subject disclosure is to be defined only by the claims appended hereto,

and by their equivalents.

Further, in describing representative embodiments of the present subject disclosure,
the specification may have presented the method and/or process of the present subject
disclosure as a particular sequence of steps. However, to the extent that the method or
process does not rely on the particular order of steps set forth hercin, the method or
process should not be limited to the particular sequence of steps described. As one of
ordinary skill in the art would appreciate, other sequences of steps may be possible.
Therefore, the particular order of the steps set forth in the specification should not be
construed as limitations on the claims. In addition, the claims directed to the method
and/or process of the present subject disclosure should not be limited to the
performance of their steps in the order written, and one skilled in the art can readily
appreciate that the sequences may be varied and still remain within the spirit and scope

of the present subject disclosure.
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PATENT CLAIMS
1. An automated specimen processing system, comprising:

a slide ejector having a first portion for pushing a plurality of slides to break a
bond between the plurality of slides and a slide carrier; and a second portion for
ejecting one slide from the plurality of slides from the slide carrier, wherein the
plurality of slides are horizontally aligned in the slide carrier to enable alignment

and even spacing via gravitational forces.

2. The automated specimen processing system of claim 1, wherein the first
portion is coupled to a motor-driven actuator, and wherein the second portion is coupled

to a pneumatic actuator.

3. The automated specimen processing system of claim 1 or 2, further

comprising a pusher element for pushing the one slide back into the slide carrier.

4, The automated specimen processing system of any of claims 1 to 3,

wherein the first portion has an undulating surface for engaging the plurality of slides.

5. The automated specimen processing system of any of claims 1 to 3,

wherein the first portion has a ridged surface for engaging the plurality of slides.

6. The automated specimen processing system of any of claims 1 to 5,

further comprising a label reader for reading a label of the one slide.

7. The automated specimen processing system of claim 6, wherein the label

reader is one of an optical sensor, a barcode scanner, and an OCR device.

8. The automated specimen processing system of claim 7, further comprising
a processor and a memory coupled to the label reader, the processor for executing
operations based on slide information received from the label reader based on reading the
label of the one slide.

9. A method for processing a specimen, the method comprising:

¢jecting a slide from a slide carrier oriented in a horizontal prosition using a

slide ejector of an automated specimen processing system;

reading a label of the slide using a label reader coupled to the automated
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specimen processing system; and

utilizing a processor for determining one or more processes to be performed
on the slide based on the label read by the label reader.

10. The method of claim 9, further comprising retricving the one or more

processes from a memory that is communicatively coupled to the processor.

1. The method of claim 10, wherein the one or more protocols include one or
more of specimen conditioning, antigen retrieval, drying, washing, staining,
immunohistochemistry protocols, in situ hybridization, visualization, microscopy,

imaging, or other analysis.

12. The method of any of claims 9 to 11, further comprising cracking an
adhesive bond between the slide and the slide carrier using a cracking element prior to

¢jecting the slide.

13. The method of claim 12, wherein the cracking element cracks a plurality

of adhesive bonds for a plurality of slides.

14. The method of claim 13, further comprising sequentially cjecting the
plurality of slides and reading a corresponding plurality of labels.

15. The method of claim 14, further comprising returning cach slide to the

slide carrier using a pusher element.
16.  An automated specimen processing system, comprising:
a slide carrier handler for transporting a slide carrier to an imaging device;
a label reader for scanning a label of the slide; and

a slide ejector for ¢jecting a slide from the slide carrier comprising a first
portion for sequentially pushing two or more slides of the plurality of slides to
break a bond between the two or more slides and the slide carrier, and a second

portion for ejecting the two or more slides from the slide carrier,

wherein the slide carrier handler aligns the slide carrier such that a plurality of

slides in the slide carrier are horizontally aligned.
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17.  The automated specimen processing system of claim 16, wherein the label

reader is one of an optical sensor, a barcode scanner, and an OCR device.

18.  The automated specimen processing system of claim 16 or 17, further
comprising a processor and a memory coupled to the label reader, the processor for
executing operations based on slide information received from the label reader based on
reading the label of the slide.
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