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(57) Abstract: Embodiments of the present disclosure relate to
test result level based analysis. Some embodiments of the present
disclosure provide a computer-implemented method. The method
comprises obtaining a plurality of test result levels corresponding
to a plurality of medical indicators of a patient, each test result
level indicating that a quantitative test result of a corresponding
medical indicator falls within one of a plurality of predetermined
quantitative ranges; obtaining a plurality of reference test result
levels corresponding to the plurality of medical indicators asso-
ciated with a reference case, each reference test result level indi-
cating that a quantitative reference test result of a corresponding
medical indicator falls within one of the plurality of predetermined
quantitative ranges; and determining a similarity between a med-
ical condition of the patient and a reference medical condition as-
sociated with the reference case at least based on the plurality of
test result levels and the plurality of reference test result levels.
Through the solution, by means of test result level based analysis,
it can protect the patient's privacy and obtain an accurate interpre-
tation for the patient.
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TEST RESULT LEVEL BASED ANALYSIS

FIELD

[0001] Embodiments of the present disclosure generally relate to the field of computer
science and in particular, to method, device, and computer program product for test result

level based analysis.

BACKGROUND

[0002] In the medical field, a patient usually needs to undertake a variety of medical tests
to obtain quantitative test results. Physicians or doctors will refer to the quantitative test
results of the patient to analyze a medical condition of the patient and make a diagnosis for
the patient. To make an accurate diagnosis and prepare an appropriate treatment for the
patient, the physicians or doctors need to refer to massive information including the
quantitative test results, medical knowledge, reference books and knowledge from

reference cases.

[0003] Such quantitative test results-based analysis is time consuming and unsatisfying.
Thus, it is expected to apply automated tools to perform the analysis, for example, to find
out reference cases that have similar medical conditions to the patient, or to provide
potential interpretation for the patient based on medical knowledge.  However,
considering data privacy and security, an authorization from the patient may be needed to
use his or her quantitative test results, which is inconvenient and/or not practical for many

Cascs.

SUMMARY

[0004] In general, example embodiments of the present disclosure provide a solution for

test result level based analysis.

[0005] In a first aspect, there is provided a computer-implemented method. The method
comprises obtaining a plurality of test result levels corresponding to a plurality of medical
indicators of a patient, each test result level indicating that a quantitative test result of a
corresponding medical indicator falls within one of a plurality of predetermined

quantitative ranges; obtaining a plurality of reference test result levels corresponding to the
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plurality of medical indicators associated with a reference case, each reference test result
level indicating that a quantitative reference test result of a corresponding medical indicator
falls within one of the plurality of predetermined quantitative ranges; and determining a
similarity between a medical condition of the patient and a reference medical condition
associated with the reference case at least based on the plurality of test result levels and the

plurality of reference test result levels.

[0006] In a second aspect, there is provided an electronic device. The electronic device
comprises at least one processor; and at least one memory comprising computer readable
instructions which, when executed by the at least one processor of the electronic device,
cause the electronic device to perform the steps of the method in the first aspect described

above.

[0007] In a third aspect, there is provided a computer program product. The computer
program product comprises instructions which, when executed by a processor of an
apparatus, cause the apparatus to perform the steps of any one of the methods in the first

aspect described above.

[0008] In a fourth aspect, there is provided a computer readable medium. The computer
readable medium has program instructions stored thereon, which, when executed by a
device, cause the device to perform the steps of any one of the methods in the first aspect

described above.

[0009] It is to be understood that the summary section is not intended to identify key or
essential features of embodiments of the present disclosure, nor is it intended to be used to
limit the scope of the present disclosure. Other features of the present disclosure will

become casily comprehensible through the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following detailed description of the embodiments of the present disclosure

can be best understood when read in conjunction with the following drawings, where:

[0011] Fig. 1 illustrates an example environment in which embodiments of the present

disclosure may be implemented;

[0012] Fig. 2A illustrates example medical test information for a patient according to

some embodiments of the present disclosure;
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[0013] Fig. 2B illustrates example medical test information with test result levels for a

patient according to some embodiments of the present disclosure;

[0014] Fig. 3 illustrates a block diagram of example architecture for reference case
similarities analysis based on test result levels according to some embodiments of the

present disclosure;

[0015] Fig. 4 illustrates a block diagram of example architecture for interpretation
determination based on test result levels according to some embodiments of the present

disclosure;

[0016] Fig. 5 illustrates an example decision tree for interpretation determination

according to some embodiments of the present disclosure;

[0017] Fig. 6A illustrates an example user interface according to some embodiments of

the present disclosure;

[0018] Fig. 6B illustrates another example user interface according to some embodiments

of the present disclosure;

[0019] Fig. 7 illustrates a flowchart of an example process for reference case similarity
analysis based on test result levels according to some embodiments of the present

disclosure; and

[0020] Fig. 8 illustrates a block diagram of an example computing system/device suitable

for implementing example embodiments of the present disclosure.

[0021] Throughout the drawings, the same or similar reference numerals represent the

same or similar element.

DETAILED DESCRIPTION

[0022] Principle of the present disclosure will now be described with reference to some
embodiments. It is to be understood that these embodiments are described only for the
purpose of illustration and help those skilled in the art to understand and implement the
present disclosure, without suggesting any limitation as to the scope of the disclosure.
The disclosure described herein can be implemented in various manners other than the ones

described below.

[0023] In the following description and claims, unless defined otherwise, all technical and

scientific terms used herein have the same meaning as commonly understood by one of
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ordinary skills in the art to which this disclosure belongs.

29 ¢ 5 <<

[0024] References in the present disclosure to “one embodiment,” “an embodiment,” “an
example embodiment,” and the like indicate that the embodiment described may include a
particular feature, structure, or characteristic, but it is not necessary that every embodiment
includes the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an example embodiment, it is
submitted that it is within the knowledge of one skilled in the art to affect such feature,

structure, or characteristic in connection with other embodiments whether or not explicitly

described.

[0025] It shall be understood that although the terms “first” and “second” etc. may be
used herein to describe various elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element from another.  For example,
a first element could be termed a second element, and similarly, a second element could be
termed a first element, without departing from the scope of example embodiments. As
used herein, the term “and/or” includes any and all combinations of one or more of the

listed terms.

[0026] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of example embodiments. As used
herein, the singular forms “a”, “an” and “the™ are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be further understood that the
terms “comprises”, “comprising”, “has”, “having”, “includes™ and/or “including”, when
used herein, specify the presence of stated features, elements, and/or components etc., but
do not preclude the presence or addition of one or more other features, elements,

components and/ or combinations thereof.

[0027] As briefly mentioned above, in medical field, to analyze a medical condition of the
patient, make a diagnosis and prepare an appropriate treatment for the patient, the
physicians need to analyze massive information including the quantitative test results of the
patient, medical knowledge, reference books and knowledge from reference cases.  Such
quantitative test results-based analysis takes the physicians a lot of time and sometimes
leads to an unsatisfying result. In addition, considering the data privacy and security, an

authorization from the patient to use his or her quantitative test results may be needed,
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which is inconvenient and/or not practical for many cases.

[0028] According to example embodiments of the present disclosure, there is proposed a
solution for test result level based analysis. In this solution, a similarity between a
medical condition of a patient and a reference medical condition associated with a reference
case is determined based on a plurality of test result levels of the patient and a plurality of
reference test result levels of the reference case. Each test result level indicates that a
quantitative test result of a corresponding medical indicator of the patient falls within one
of a plurality of predetermined quantitative ranges. Likewise, each reference test result
level indicates that a quantitative reference test result of a corresponding medical indicator

of the reference case falls within one of a plurality of predetermined quantitative ranges.

[0029] As such, the similarity between the patient’s medical condition and the reference
case’s medical condition can be determined using test result levels instead of the specific
quantitative test results.  Such test result level based analysis is an efficient way to help the
physicians to search for reference cases having similar medical conditions to the patient and
provide an appropriate interpretation for the patient based on the reference cases. In
addition, through the solution, by using the test result levels instead of quantitative test

results, it also addresses the data security and privacy concerns.

Example Environment

[0030] Example embodiments of the present disclosure will be discussed in detail below
with reference to Figs. 1-8. Fig. 1 illustrates an example environment 100 in which
various embodiments for test result level based analysis of the present disclosure can be
implemented. It is to be understood that the environment 100 shown in Fig. 1 is only for
the purpose of illustration, without suggesting any limitation to functions and the scope of

the embodiments of the present disclosure.

[0031] In the environment 100, a data processing system 110 is configured to perform
various processes relating to medical analysis. For example, the data processing system
110 may perform test result level based similarity analysis for a patient with a reference

casc.

[0032] As illustrated in Fig. 1, the data processing system 110 may comprise a level
determination module 120 and a similarity determination module 140. The level
determination module 120 is configured to obtain a plurality of test result levels 125

corresponding to a plurality of medical indicators of a patient 102. The level
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determination module 120 is also configured to obtain a plurality of reference test result
levels 135 corresponding to the plurality of medical indicators associated with a reference

case 112.

[0033] As used herein, the term of “test result level” indicates that a quantitative test
result of a corresponding medical indicator falls within one of a plurality of predetermined
quantitative ranges. For example, the test result level may indicate that the quantitative
test result falls within a standard quantitative range for the corresponding medical indicator,
a quantitative range higher than the standard quantitative range, or a quantitative range
below the standard range. As used herein, the term of “medical indicator” refers to an
item of medical test. The term of “standard quantitative range™ refers to a standard or
reference quantitative range for the medical indicator, within which the quantitative test
result is considered as normal. It is to be understood that the above mentioned
predetermined quantitative ranges are for the purpose of illustration, without suggesting any

limitations. There may be fewer or more predetermined quantitative ranges.

[0034] For example, as illustrated in Fig. 1, the level determination module 120 may
receive a plurality of quantitative test results 105 of the plurality of medical indicators of
the patient 102. The level determination module 120 may determine a plurality of test
result levels 125 based on the plurality of quantitative test results 105. The level
determination module 120 may send the determined plurality of test result levels 125 to the

similarity determination module 140 for further analysis.

[0035] Similarly, the level determination module 120 may receive a plurality of
quantitative reference test results 115 of the plurality of medical indicators associated with
the reference case 112. The level determination module 120 may determine a plurality of
reference test result levels 135 based on the plurality of quantitative reference test results
115. The level determination module 120 may send the determined plurality of reference

test result levels 135 to the similarity determination module 140 for further analysis.

[0036] The plurality of medical indicators may relate to one or more aspects of a medical
condition of a patient. In some example embodiments, the plurality of medical indicators
is associated with medical tests relating to thyroid serum. For example, the plurality of
medical indicators may comprise at least one of: thyroid stimulating hormone (TSH), free
tritiodothyroinine (FT3), free throxine (FT4), total triiodothyronine (TT3), total thyroxine
(TT4), anti-thyroid peroxidase (Anti-TPO), antithyroglobulin (Anti-Tg), antibody against
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TSH receptor (Anti-TSHR), thyroglobulin (Tg) and Calcitonin. The quantitative test
results of those medical indicators may be produced by running a medical test on the

patient.

[0037] In some example embodiments, the plurality of medical indicators may be
associated with medical tests relating to hormone. In this case, the plurality of medical
indicators may comprise several medical test items regarding the hormone. It is to be
understood that the example medical indicators are only for the purpose of illustration,

without suggesting any limitations.

[0038] Fig. 2A illustrates example medical test information 200 for a patient according to
some embodiments of the present disclosure. The medical test information 200 may be
stored as an electronic report for the patient in a database. As illustrated in Fig. 2A, the
medical test information 200 comprises clinical background information 210 and test result
information 220. The clinical background information 210 may comprise case ID, age,
gender and other personal information of the patient. The test result information 220 may
comprise a plurality of quantitative test results of the medical indicators related to thyroid
serum of the patient. The plurality of quantitative test results 105 may be obtained from

the test result information 220.

[0039] In some example embodiments, for each quantitative test result in the test result
information 220, a test result level may be determined by the level determination module
120. The level determination module 120 may map a quantitative test result to one of a
plurality of predetermined test result levels, each of the predetermined test result levels
indicating a plurality of predetermined quantitative ranges for a corresponding medical

idicator.

[0040] For example, cach medical indicator may have first, second and third
predetermined quantitative ranges. When determining a test result level for a given one of
the medical indicators, the level determination module 120 may compare a quantitative test
result of the given medical indicator with its first, second and third predetermined
quantitative ranges. In accordance with a determination that the quantitative test result
falls within one of the first, second and third quantitative ranges, the level determination
module 120 may determine a test result level indicating that the corresponding quantitative

test result falls within this predetermined quantitative range.

[0041] In some example embodiments, for a given medical indicator, there may be a
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standard quantitative range, also referred to as a reference quantitative range. This
standard quantitative range shows a range within which the quantitative test result for the
given medical indicator is normal for the patient. The plurality of predetermined
quantitative ranges for this medical indicator may be divided according to the standard

quantitative range.

[0042] Taking FT3 as shown in Fig. 2A as an example, it is assumed that this medical
indicator has a standard quantitative range of 3.78-5.97 pmol/L. For FT3, the three
predetermined quantitative ranges may be set as a first range above the standard
quantitative range, a second range equal to the standard quantitative range, and a third
range below the standard quantitative range, respectively. In such example, if the
quantitative test result of FT3 is above the upper limit of the standard quantitative range
(e.g., 5.97 pmol/L), the test result level may indicate the first predetermined quantitative
range or also referred to as a high quantitative range or a high range. If the quantitative
test result of FT3 is below the lower limit of the standard quantitative range (e.g., 3.78
pmol/L), the test result level may indicate the third predetermined quantitative range or also
referred to as a low quantitative range or a low range. If the quantitative test result of FT3
is within the standard quantitative range, the test result level may indicate the second
predetermined quantitative range or also referred to as a normal quantitative range or a
normal range. In the example of Fig. 2A where FT3 has a quantitative test result of 4.25
pmol/L, it is determined that this quantitative test result falls within the standard
quantitative range of 3.78-5.97 pmol/L and thus the test result level of FT3 may indicate the

second predetermined quantitative range (i.¢., the normal range).

[0043] It is to be understood that the example standard quantitative range is only for the

purpose of illustration, without suggesting any limitations.

[0044] The level determination module 120 may determine a test result level for each
quantitative test result. Fig. 2B illustrates example medical test information 250 with test
result level indications for the patient according to some embodiments of the present
disclosure. As illustrated in Fig. 2B, the medical test information 250 comprises the
clinical background information 210 and test result information 260. The test result level
information 260 shows the quantitative test result along with a respective test result level
indication for each medical indicator. As illustrated in Fig. 2B, a circle sign 272 or also
referred to as the normal range indication represents that the test result level indicates a

normal quantitative range, an upward arrow sign 276 or also referred to as the high range
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indication indicates a high quantitative range, and a downward arrow sign 274 or also
referred to as the low range indication indicates a low quantitative range. The test result
level information 260 may be determined by the level determination module 120 based on
the test result information 220 as shown in Fig. 2A.  Taking FT3 as shown in Fig. 2A and
Fig. 2B as an example, the quantitative test result of FT3 is equal to 4.25 which falls within
the standard or normal quantitative range of FT3. The test result level information 260 in
Fig. 2B shows that the test result level of FT3 indicates that the quantitative test result of
FT3 is normal. That is, the quantitative test result of FT3 is within the standard
quantitative range. It is to be understood that in some example embodiments, the test
result level can be inputted to the data processing system 110 by a qualified user instead of

by determining by the level determination module 120.

[0045] In some example embodiments, the medical test information 200 and the medical
test information 250 may be stored in a database. The database may be a MySQL
database, or Oracle database or other suitable database. When an authorized user, for
example the patient, gets access to the database to search for the medical test information of
the patient in person, he or she may see the test result information 220 and/or the test result
level information 260. When a user with limited authorization gets access to the medical
test information of the patient, for example a physician who intends to search for a similar
case, the physician may only see the test result level indications in the test result level
information 260 without knowing the quantitative test results of the patients. By storing
the medical test information 250 in the database, future case cohort analysis and other

extended functions can be supported.

[0046] In this way, the privacy of the patient can be protected, avoiding a risk of leaking
the specific quantitative test results. In addition, the physicians can search for similar
reference cases for further analysis and study without a risk of leaking the specific

quantitative test results.

[0047] 1t is to be understood that although in the example of Fig. 2B, there are three
predetermined quantitative ranges, there may be less or more predetermined quantitative
ranges. For example, in some example embodiments, two predetermined quantitative
ranges may be set. In the example of two predetermined quantitative ranges, the two
predetermined quantitative ranges may respectively indicate that the quantitative test result
is higher than a threshold quantitative test result (also referred to as a negative range), or the

quantitative test result is below the threshold quantitative test result (also referred to as a
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positive range).

[0048] As another example, five predetermined quantitative ranges may be set. In the
example of five predetermined quantitative ranges, the five predetermined quantitative
ranges may respectively indicate that the quantitative test result is within a range greatly
higher than the standard quantitative range, a range a little higher than the standard
quantitative range, a range equal to the standard quantitative range, a range a little lower
than the standard quantitative range, and a range greatly lower than the standard

quantitative range.

[0049] Examples of patient test result level determination have been described with
respect to Figs. 1, 2A and 2B. It is to be understood that for the reference case, the level
determination module 120 may perform a similar process to determine the reference test
result levels 135 based on the quantitative reference test results. For the purpose of

brevity, the reference case test result level determination process will not be repeated here.

[0050] Still referring to Fig. 1, the similarity determination module 140 is configured to
determine a similarity 150 between a medical condition of the patient 102 and a reference
medical condition associated with the reference case 112. For example, the similarity
determination module 140 is configured to determine the similarity 150 based on the
plurality of test result levels 125 and the plurality of reference test result levels 135, As
used herein, the term of “medical condition™ refers to a health condition or a prevalence
situation of the patient. For example, the medical condition may be associated with
thyroid serum. In this situation, the medical condition may refer to a thyroid health
condition. As another example, the medical condition may be associated with hormone.
It is to be understood that the example medical conditions are only for the purpose of

illustration, without suggesting any limitations.

[0051] In some example embodiments, the similarity determination module 140 may
determine the similarity 150 based on a group of pairs of test result level and reference test
result level.  Each pair comprises one of the plurality of test result levels and one of the
plurality of reference test result levels that correspond to a same medical indicator among
the plurality of medical indicators. For example, one pair may comprise a FT3 test result

level and a FT3 reference test result level.

[0052] In some example embodiments, the similarity determination module 140 may

determine the similarity 150 further based on a second group of pairs of condition levels for

10
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the patient and reference condition levels for the reference case.  Each pair corresponds to
an influence factor related to the medical condition. Examples of influence factor may
comprise but are not limited to a disease condition, a history of surgery, a medication

history, an lodine treatment, a pregnancy condition, an age, and a gender.

[0053] In some example embodiments, the similarity determination module 140 may
determine the similarity 150 further based on a third group of pairs of test result level and
reference test result level. Each pair corresponds to different special medical indicators
among the plurality of medical indicators. In the case that the medical condition is
associated with thyroid serum, different special medical indicators may comprise at least

two of the following: FT3, TT3, FT4 and TT4.

[0054] In some example embodiments, the similarity determination module 140 may
determine the similarity 150 based on a first similarity score to indicate respective first
differences between each of the first groups of pairs. The respective first difference may
be determined by calculating a Euclidean distance between each pair. The similarity
determination module 140 may further determine a second similarity score to indicate
respective second differences between each of the second groups of pairs. The respective
second difference may be determined by calculating a Euclidean distance between each pair.
The similarity determination module 140 may still further determine a third similarity score
to indicate respective third differences between each of the third group of pairs. The
respective third difference may be determined by calculating a Euclidean distance between

each pair.

[0055] In some example embodiments, the similarity determination module 140 may
determine the similarity 150 by adding the first and second similarity scores multiplied
respectively by first and second predetermined weights, and subtracting the third similarity
score multiplied by a third predetermined weight to obtain the similarity. For example, the
first predetermined weight may be larger than the second predetermined weight. In

addition, the second predetermined weight may be larger than the third predetermined
weight.

[0056] In some example embodiments, in the case that the medical condition is associated
with thyroid serum, the similarity determination module 140 may use a similarity function

as below to determine the similarity 150:

11
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simi_score(P, P%)

=1

# [(TSH —~ TSHY? + (FTy — FT{)? + (FTy, — FTY)? 4 (TT3 — TTY)?

+(TT, =TT +1

« [(TgAb — TgAb®)? + (TPOAb — TPOAD®)? + (TRAb — TRAD®)?

+(Tg - Tg"? + (CT = CT?] = 0.215

# [f(FT, TTH + FFT, TTY) + fF(TTy, FTS) + f(TT,, FT2)] — 0.205

« [f(FT5, FTD) + f(FT,, FTO)] + 0.95

« [(Disease — Disease®)?

+ (History_of_surgery — History_of _surgery °)*+(Medication

— Medication®)? + ({odine_treatment — lodine_treatment®)?| + 0.95

« [(Pregnancy — Pregnancy?)?

+ (Generation — Generation")*+(Gender ~ Gender®)?] )
wherein P and P° denote the plurality of reference test result levels 135 and the plurality
of test result levels 125 respectively. TSH, FT;, FT,, TT;, TT,, TgAb, TPOAbD,
TRAb, Tg, and CT denote TSH, FT3, FT4, TT3, TT4, Anti-Tg, Anti-TPO, Anti-TSHR, Tg
and Calcitonin reference test result levels for the reference, respectively. TSH®, FTY,
FTP, TT?, TTY, TgAb®, TPOAB®, TRAD®, Tg°, and CT° denote TSH, FT3, FT4, TT3,
TT4, Anti-Tg, Anti-TPO, Anti-TSHR, Tg and Calcitonin test result levels for the patient,
respectively.  Disease , History_of_surgery , Medication , lodine_treatment ,
Pregnancy, Generation and Gender denote a discase condition, a history of surgery, a
medication history, an lodine treatment, a pregnancy condition, a generation of age, and a
gender reference condition levels for the reference case, respectively. Disease® .,
History_of _surgery® . Medication® ., Iodine_treatment® , Pregnancy® ,
Generation® and Gender® denote a disease condition, a history of surgery, a medication

history, an lodine treatment, a pregnancy condition, an age, and a gender condition levels

for the patient, respectively.

[0057] In some example embodiments, the function fxy) used in the above similarity

function (1) may be illustrated as below:

0, Others
, x==yand x! = 0

f(x) = {
! )

[0058] It is to be understood that the above described similarity function (1) is only for the
purpose of illustration, without suggesting any limitations. The similarity determination
module 140 may use a different similarity function which uses test result levels and

reference test results levels of different set of medical indicators. The different set of
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medical indicators may comprise less or more medical indicators than the similarity

function (1).

[0059] In some example embodiments, the weights of different parameters in the
similarity function (1) may be predetermined based on medical knowledge base and
medical reference information. For example, as the medical knowledge base shows that
the medical indicators are of more importance in making a diagnosis for the patient than the
influence factors, the weights associated with the medical indicators may be larger than the
weights of the influence factors. By doing so, it may obtain a more accurate similarity
150.

[0060] In some cases, several medical indicators may be correlated with each other. For
example, there is a strong correlation between FT3 and TTS, FT4 and TT4. That is, FT3
and TT3 tend to have a similar trend of change. Likewise, FT4 and TT4 may have a
similar trend of change. By configuring an appropriate weight (for example, 0.215 as
shown in (1)) to subtract the correlations between FT3 and TT3 and between FT4 and TT4,
it may be possible to calculate a more accurate similarity 150. In addition, there is a
certain correlation between FT3 and FT4. By reducing the certain correlation between
FT3 and FT4 with a corresponding weight, for example., 0.205 as shown in (1), it may

determine a more accurate similarity 150.

[0061] Alternatively, or in addition, the weights for the plurality of parameters in the
similarity function defined in Equation (1) may be dynamically adjusted. For example, if
the similarity 150 is calculated to be a relatively high value, for example, close to 1, then
the similarity indicates that the medical condition of the patient and the reference medical
condition of the reference case is quite close. However, after the patient undertakes
additional medical tests and gets a final diagnosis which shows that the patient has a
different disease with the reference case, the weights of the similarity function in Equation
(1) may be adjusted in order to get a reduced similarity between the patient and the

reference case.

[0062] In some example embodiments, some qualified users such as specialists may give
a feedback to the similarity 150. For example, if a specialist opines that the similarity 150
is not accurate, he or she may give a feedback indicating that the similarity 150 is too high
or too low. The similarity function may be adjusted according to this feedback. It is to

be understood that the similarity function may be adjusted according to massive feedback
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information and massive diagnosis information for the patient. By adjusting the similarity
function, it may obtain a more accurate similarity between the patient and the reference
case. With the accurate similarity, the physician may find a more similar reference case
for the patient, which will thus help the physician to provide appropriate diagnosis and
treatment for the patient.

Example Test Result Level based Similarity Determination

[0063] Examples of test result level based determination of the similarity between the
patient and the reference case have been described with respect to Fig. 1. In some
example embodiments, such test result level based analysis can be applied to a group of
reference cases. Fig. 3 illustrates a block diagram of example architecture 300 for
reference case similarities analysis based on test result levels according to some
embodiments of the present disclosure. It is to be understood that the architecture 300 as
shown in Fig. 3 is only for the purpose of illustration, without suggesting any limitation to
functions and the scope of the embodiments of the present disclosure.  The test result level
based determination of the similarity shown in the architecture 300 may be performed by
the data processing system 110 in the Fig. 1 or any other suitable device. For the purpose

of discussion, the architecture 300 will be described with reference to Fig. 1.

[0064] In the example of Fig. 3, the data processing system 110 may get access to a
reference case database 310. The reference case database 310 may be a local database in
the data processing system 110, or a remote database that may be accessed by the data
processing system 110. The reference case database 310 may be a MySQL database, or
Oracle database or other suitable database. For example, a group of reference cases 312
may be obtained from the reference case database 310.  As illustrated in Fig. 3, a group of
a plurality of quantitative reference test results 320 for the group of reference case 312 may
be obtained from the reference case database 310 and transmitted to the level determination
module 120.  The level determination module 120 may determine a group of a plurality of
reference test result levels 330 based on the group of plurality of quantitative reference test
results 320. The level determination process is similar to the process described with

respect to Fig. 1, which will not be repeated here.

[0065] In some embodiments, the similarity determination module 140 may determine a
plurality of similarities 350 between the medical condition of the patient 102 and a plurality

of medical conditions of the group of reference cases 312 based on the test result levels 125
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and the group of plurality of reference test result levels 330. The data processing system
110 may sort the group of reference cases 312 according to the plurality of similarities 350.
The data processing system 110 may choose a target reference case 360 with a highest
similarity. It is to be understood that the data processing system 110 may choose more

than one target reference cases with higher similarities.

[0066] In some example embodiments, the data processing system 110 may comprise a
user interface 370. Information about the target reference case 360 may be displayed on
the user interface 370. For example, a recorded interpretation for a reference medical
condition of the target reference case 360 will be presented via the user interface 370.
Additional information associated with the target reference case 360, such as the treatment

plan will optionally be presented via the user interface 370.

[0067] In some example embodiments, a user 380 may provide a feedback 390 to the user
interface 370 regarding the target reference case 360. For example, if the user such as a
physician opines that the reference medical condition of the target reference case 360 is
quite similar with the medical condition of the patient, the user may provide a positive
feedback showing that the similarity is correct. On the other hand, if the physician opines
that the reference medical condition of the target reference case 360 is quite different from
the medical condition of the patient, the user may provide a negative feedback showing that
the similarity is not accurate. By collecting the feedback 390 from the user 380, the
similarity determination module 140 will be improved. For example, the similarity
function used by the similarity determination module 140 will be updated. In this way, it

may provide more accurate target reference cases for further analysis.

[0068] Examples of test result level based similarity determination have been described
with respect to Figs. 1 to 3. In some example embodiments, the test result levels may also

be applied to determine an appropriate interpretation for the patient.

Example Test Result Level based Interpretation Determination

[0069] Fig. 4 illustrates a block diagram of example architecture 400 for interpretation
determination based on test result levels according to some embodiments of the present
disclosure. It is to be understood that the architecture 400 as shown in Fig. 4 is only for
the purpose of illustration, without suggesting any limitation to functions and the scope of
the embodiments of the present disclosure. The test result level based interpretation

determination shown in the architecture 400 may be performed by the data processing
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system 110 in the Fig. 1 or any other suitable device. For the purpose of discussion, the
architecture 400 will be described with reference to Fig. 1.

[0070] As illustrated in Fig. 4, the data processing system 110 may comprise a decision
tree module 410. The decision tree module 410 is configured to determine an

interpretation 420 based on the test result levels 125.

[0071] For example, the decision tree module 410 may obtain a decision tree comprising a
plurality of decision conditions for a plurality of candidate interpretations related to a
medical condition. Examples of decision tree will be described with respect to Fig. 5
below. The decision tree module 410 will select an interpretation 420 for the medical
condition of the patient from the plurality of candidate interpretations by determining
whether the plurality of test result levels meet the plurality of decision conditions. In
addition, the data processing system 110 may present the interpretation 420 for the medical

condition of the patient via the user interface 370.

[0072] By determining the interpretation based on the test result level, the privacy of the
patient can be protected, avoiding a risk of leaking the specific quantitative test results. In
addition, the physicians can refer to the interpretation for further analysis and study without

a risk of leaking the specific quantitative test results.

[0073] In some example embodiments, a user 430 may provide a feedback 440 to the user
interface 370 regarding the interpretation 420. For example, if the user such as a
physician opines that the interpretation 420 is quite suitable for the medical condition of the
patient, the user may provide a positive feedback showing that the interpretation 420 is
appropriate.  On the other hand, if the physician opines that the interpretation 420 cannot
be applied to the medical condition of the patient, the user may provide a negative feedback
showing that the interpretation 420 is not accurate. By collecting the feedback 440 from
the user 430, the decision tree module 410 will be improved. In this way, it may provide

more accurate interpretation for the patient.

[0074] Fig. 5 illustrates an example decision tree 500 for interpretation determination
according to some embodiments of the present disclosure. In the decision tree 500, a first
decision condition is related to TSH 510.  If the test result level of TSH 510 indicates that
the quantitative test result of TSH 510 falls within a normal range 514 (i.e., the standard
quantitative test result range), it will lead to a first interpretation 560-1. For example, the

first interpretation 560-1 may state that if the test result level of TT4 is high, or the test
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result level of TT3 is low or normal, then it indicates that there may be SBP2 gene disease.

[0075] If the test result level of TSH 510 indicates that the quantitative test result of TSH
510 falls within a low range 512, it needs to refer to the test result level of FT4 or TT4 520.
If the test result level of FT4 or TT4 520 indicates a low range 522, then it needs to further
refer to the test result level of FT3 or TT3 530. If the test result level of FT3 or TT3 530
indicates a low range 532, it will lead to a second interpretation 560-2. For example, the
second interpretation 560-2 may state that the patient may have a central hypothyroidism, a
cuthyroid sick syndrome, a low T3 syndrome, or a decreased TBG.

[0076] If the test result level of FT4 or TT4 520 indicates a normal range 524, then it
needs to further refer to the test result level of FT3 or TT3 530. If the test result level of
FT3 or TT3 530 indicates a normal range 534, it will lead to a third interpretation 560-3.
For example, the third interpretation 560-3 may state that the patient may have a subclinical
hyperthyroidism, or a euthyroid sick syndrome, and this may be caused by medication or
TSHP mutation. If the test result level of FT3 or TT3 530 indicates a high range 536, it
will lead to a fourth interpretation 560-4. For example, the fourth interpretation 560-4
may state that the patient may have a T3 hyperthyroidism.

[0077] If the test result level of FT4 or TT4 520 indicates a high range 526, then it needs
to further refer to the test result level of FT3 or TT3 530. If the test result level of FT3 or
TT3 530 indicates a normal range 534, it will lead to a fifth interpretation 560-5. For
example, the fifth interpretation 560-5 may state that that the patient may have a T4
hyperthyroidism. If the test result level of FT3 or TT3 530 indicates a high range 536, it
will lead to a sixth interpretation 560-6. For example, the sixth interpretation 560-6 may
state that the patient may have a hyperthyroidism, an occult hyperthyroidism or a thyroiditis.
In the case of the sixth interpretation 560-6, it may further refer to the test result level of
Anti-TSHR 540. If the test result level of Anti-TSHR 540 indicates a positive range 542,
then it may lead to a seventh interpretation 560-7. For example, the seventh interpretation

560-7 may state that the patient may have an autoimmune thyroid disease.

[0078] If the test result level of TSH 510 indicates that the quantitative test result of TSH
510 falls within a high range 516, it needs to refer to the test result level of FT4 or TT4 520.
If the test result level of FT4 or TT4 520 indicates a low range 522, then it needs to further
refer to the test result level of FT3 or TT3 530. If the test result level of FT3 or TT3 530

indicates a low range 532, it will lead to an eighth interpretation 560-8. For example, the
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cighth interpretation 560-8 may state that the patient may have a hypothyroidism. In the
case of the eighth interpretation 560-8, it may further refer to the test result level of
Anti-TPO or Anti-Tg 550. If the test result level of Anti-TPO or Anti-Tg 550 indicates a
positive range 552, then it may lead to a ninth interpretation 560-9. For example, the
ninth interpretation 560-9 may state that the patient may have an autoimmune thyroid

disease.

[0079] If the test result level of FT4 or TT4 520 indicates a normal range 524, then it
needs to further refer to the test result level of FT3 or TT3 530. If the test result level of
FT3 or TT3 530 indicates a normal range 534, it will lead to a tenth interpretation 560-10.
For example, the tenth interpretation 560-10 may state that the patient may have a
subclinical hypothyroidism, thyroid hormone resistance syndrome. If the test result level
of FT3 or TT3 530 indicates a high range 536, it will lead to an eleventh interpretation
560-11. For example, the cleventh interpretation 560-11 may state that the patient may

have an « thyroid hormone resistance syndrome, or an Alian-Herndon-Dudley syndrome

[0080] If the test result level of FT4 or TT4 520 indicates a high range 526, then it needs
to further refer to the test result level of FT3 or TT3 530. If the test result level of FT3 or
TT3 530 indicates a high range 536, it will lead to a twelfth interpretation 560-12. For
example, the twelfth interpretation 560-12 may state that the patient may have a thyroid
hormone resistance, a thyroid hormone resistance syndrome (a pituitary selection type or a
peripheral tissue selection type) , a TSH tumor, an increased TBG, a genetic abnormality of

transport binding protein, a synthetic protein genetic abnormalities.

[0081] Examples of decision tree 500 have been described with respect to Fig. 5. Itis to
be understood that the decision tree 500 is only for the purpose of illustration without
suggesting any limitations. The decision tree module 410 can use other possible decision
trees. The decision tree 500 may be obtained from medical knowledge base or other
medical reference information. In some example embodiments, the decision tree 500 may
be updated by collecting and analyzing the user feedback. Alternatively, or in addition,
other medical indicators can be added into the decision tree 500 to obtain more

mterpretations for the patient.

[0082] By determining an interpretation for the patient, it can help the physician to make a
diagnosis for the patient and to determine an appropriate treatment for the patient. In

addition, the interpretation may also provide some explanations and possible causes for the
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possible disease the patient may have.

[0083] Fig. 6A illustrates an example user interface 370 according to some embodiments
of the present disclosure. In the user interface 370 of Fig. 6A, example case 610, case 620
and case 630 are illustrated. The case 610 is of the similarity 615 equal to 90%. The
case 620 is of the similarity 625 equal to 90%. The case 630 is of the similarity 635 equal
to 80%. These similarities may be determined by the similarity determination module 140,
In the example shown in Fig. 6A, the case 610 and the case 620 have the higher similarities,
thus can be selected as the target reference cases for further study. The user interface 370
also shows relevant information regarding each case, which can help the physician to

analyze the similar cases.

[0084] Fig. 6B illustrates another example user interface 370 according to some other
embodiments of the present disclosure. In the user interface 370 of Fig. 6B, general
medical information 660 of the patient is presented. For example, the general medical
information 660 comprises a gencral diagnosis for the patient. The general medical
information 660 may comprise basis test result level information of several medical
indicators of the patient. The general medical information 660 may further comprise some

suggestions for the next step.

[0085] In some example embodiments, an explanation 670 may also be presented via the
user interface 370. For example, the explanation 670 may comprise influence information

regarding the medical condition of the patient.

[0086] As shown in Fig. 6B, an interpretation 680 is also presented via the user interface
370. The interpretation 680 may be determined by the decision tree module 410 as shown
in Fig. 4. The interpretation 680 shows several possible diagnoses for the patient. In
addition, customer optimal interpretation 685 and case study notes 690 can be inputted by

the user, for example the physician, to provide feedback.

[0087] By using the example user interfaces 370, information comprising the similar cases,
the interpretations, the explanations and other possible information may be presented for
the user’s further analysis. In addition, the user may provide feedback through the user

interface 370 which will in turn improve the system performance.

Example Processes

[0088] Fig. 7 illustrates a flowchart of an example process for reference case similarity

analysis based on test result levels according to some embodiments of the present
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disclosure. The process 700 can be implemented by the data processing system 110 in Fig.
1. For the purpose of discussion, the process 700 will be described with reference to Fig.

L.

[0089] At block 710, the data processing system 110 obtains a plurality of test result
levels corresponding to a plurality of medical indicators of a patient.  Each test result level
indicates that a quantitative test result of a corresponding medical indicator falls within one
of a plurality of predetermined quantitative ranges. At block 720, the data processing
system 110 obtains a plurality of reference test result levels corresponding to the plurality
of medical indicators associated with a reference case. Each reference test result level
indicates that a quantitative reference test result of a corresponding medical indicator falls
within one of the plurality of predetermined quantitative ranges. At block 730, the data
processing system 110 determines a similarity between a medical condition of the patient
and a reference medical condition associated with the reference case at least based on the

plurality of test result levels and the plurality of reference test result levels.

[0090] In some embodiments, to obtain the plurality of test result levels, for a given one
of the plurality of medical indicators having first, second and third predetermined
quantitative ranges, the data processing system 110 may compare a quantitative test result
of the given medical indicator with the first, second and third predetermined quantitative
ranges; and determine a test result level indicating that the quantitative test result falls

within one of the first, second and third predetermined quantitative ranges.

[0091] In some embodiments, to obtain the plurality of reference test result levels, for a
given one of the plurality of medical indicators having first, second and third predetermined
quantitative ranges, the data processing system 110 may compare a quantitative reference
test result of the given medical indicator with the first, second and third predetermined
quantitative ranges; and determine a reference test result level indicating that the
quantitative reference test result falls within one of the first, second and third predetermined

quantitative ranges.

[0092] In some embodiments, the medical condition is associated with thyroid serum. In
some embodiments, the plurality of medical indicators comprises at least one of: thyroid
stimulating hormone (TSH), free triiodothyroinine (FT3), free throxine (FT4), total
triiodothyronine (TT3), total thyroxine (TT4), anti-thyroid peroxidase (Anti-TPO),
antithyroglobulin (Anti-Tg), antibody against TSH receptor (Anti-TSHR), thyroglobulin
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(Tg) and Calcitonin.

[0093] In some embodiments, to determine the similarity, the data processing system 110
may determine the similarity based on a first group of pairs of test result level and reference
test result level.  Each pair comprises one of the plurality of test result levels and one of
the plurality of reference test result levels that correspond to a same medical indicator
among the plurality of medical indicators. In some embodiments, to determine the
similarity, the data processing system 110 may determine the similarity further based on at
least one of the following: a second group of pairs of condition levels for the patient and
reference condition levels for the reference case that each pair corresponds to an influence
factor related to the medical condition, and a third group of pairs of test result level and
reference test result level that each pair corresponds to different special medical indicators
among the plurality of medical indicators. In some embodiments, the similarity is
determined based on a first similarity score to indicate respective first differences between
cach of the first group of pairs, and further based on at least one of the following: a second
similarity score to indicate respective second differences between each of the second group
of pairs, and a third similarity score to indicate respective third differences between each of
the third group of pairs. In some embodiments, the similarity is calculated by the
following: adding the first and second similarity scores multiplied respectively by first and
second predetermined weights; and subtracting the third similarity score multiplied by a
third predetermined weight to obtain the similarity. In some embodiments, the first
predetermined weight is larger than the second predetermined weight and the second

predetermined weight is larger than the third predetermined weight.

[0094] In some embodiments, the influence factor comprises at least one of the following:
a discase condition, a history of surgery, a medication history, an lodine treatment, a
pregnancy condition, an age, and a gender. In some embodiments, in the case that the
medical condition is associated with thyroid serum, the different special medical indicators
comprise at least two of the following: free tritodothyroinine (FT3), total triiodothyronine
(TT3), free throxine (FT4) and total thyroxine (TT4).

[0095] In some embodiments, the data processing system 110 may further determine a
plurality of similarities between the medical condition of the patient and a plurality of
medical conditions of a group of reference cases. The group of reference cases comprises
the reference cases. The data processing system 110 may further sort the group of

reference cases according to the plurality of similarities; and present, via a user interface, a
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recorded interpretation for a reference medical condition of at least one target reference

case with a highest similarity.

[0096] In some embodiments, the data processing system 110 may further obtain a
decision tree comprising a plurality of decision conditions for a plurality of candidate
interpretations related to a medical condition; select an interpretation for the medical
condition of the patient from the plurality of candidate interpretations by determining
whether the plurality of test result levels meet the plurality of decision conditions; and

present, via a user interface, the interpretation for the medical condition of the patient.

Example System/Device

[0097] Fig. 8 illustrates a block diagram of an example computing system/device 800
suitable for implementing example embodiments of the present disclosure.  The
system/device 800 can be implemented as or implemented in the data processing system
110 in Fig. 1. The system/device 800 may be a general-purpose computer, a physical
computing device, or a portable electronic device, or may be practiced in distributed cloud
computing environments where tasks are performed by remote processing devices that are
linked through a communication network. The system/device 800 can be used to

implement the process 700 of Fig. 7.

[0098] As depicted, the system/device 800 includes a processor 801 which is capable of
performing various processes according to a program stored in a read only memory (ROM)
802 or a program loaded from a storage unit 808 to a random access memory (RAM) 803.
In the RAM 803, data required when the processor 801 performs the various processes or
the like is also stored as required. The processor 801, the ROM 802 and the RAM 803 are
connected to one another via a bus 804. An input/output (I/O) interface 805 is also

connected to the bus 804.

[0099] The processor 801 may be of any type suitable to the local technical network and
may include one or more of the following: general purpose computers, special purpose
computers, microprocessors, digital signal processors (DSPs), graphic processing unit
(GPU), co-processors, and processors based on multicore processor architecture, as
non-limiting examples. The system/device 800 may have multiple processors, such as an
application-specific integrated circuit chip that is slaved in time to a clock which

synchronizes the main processor.

[00100] A plurality of components in the system/device 800 are connected to the /O
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interface 805, including an input unit 808, such as keyboard, a mouse, or the like; an output
unit 807 including a display such as a cathode ray tube (CRT), a liquid crystal display
(LCD), or the like, and a loudspeaker or the like; the storage unit 808, such as disk and
optical disk, and the like; and a communication unit 809, such as a network card, a modem,
a wireless transceiver, or the like. The communication unit 809 allows the system/device
800 to exchange information/data with other devices via a communication network, such as

the Internet, various telecommunication networks, and/or the like.

[00101] The methods and processes described above, such as the process 700, can also be
performed by the processor 801. In some embodiments, the process 700 can be
implemented as a computer software program or a computer program product tangibly
included in the computer readable medium, ¢.g., storage unit 808. In some embodiments,
the computer program can be partially or fully loaded and/or embodied to the system/device
800 via ROM 802 and/or communication unit 809. The computer program includes
computer executable instructions that are executed by the associated processor 801.  When
the computer program is loaded to RAM 803 and executed by the processor 801, one or
more acts of the process 700 described above can be implemented. Alternatively,
processor 801 can be configured via any other suitable manners (e.g., by means of firmware)

to execute the process 700 in other embodiments.

Enumerated Example Embodiments

[00102] The embodiments of the present disclosure may be embodied in any of the forms
described herein.  For example, the following enumerated example embodiments describe
some structures, features, and functionalities of some aspects of the present disclosure

disclosed herein.

[00103] In a first aspect, example embodiments of the present disclosure provide a
computer-implemented method.  The method comprises obtaining a plurality of test result
levels corresponding to a plurality of medical indicators of a patient, each test result level
indicating that a quantitative test result of a corresponding medical indicator falls within
one of a plurality of predetermined quantitative ranges; obtaining a plurality of reference
test result levels corresponding to the plurality of medical indicators associated with a
reference case, each reference test result level indicating that a quantitative reference test
result of a corresponding medical indicator falls within one of the plurality of

predetermined quantitative ranges; and determining a similarity between a medical
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condition of the patient and a reference medical condition associated with the reference
case at least based on the plurality of test result levels and the plurality of reference test

result levels.

[00104] In some embodiments, obtaining the plurality of test result levels comprises: for a
given one of the plurality of medical indicators having first, second and third predetermined
quantitative ranges, comparing a quantitative test result of the given medical indicator with
the first, second and third predetermined quantitative ranges; and determining a test result
level indicating that the quantitative test result falls within one of the first, second and third

predetermined quantitative ranges.

[00105] In some embodiments, obtaining the plurality of reference test result levels
comprises: for a given one of the plurality of medical indicators having first, second and
third predetermined quantitative ranges, comparing a quantitative reference test result of the
given medical indicator with the first, second and third predetermined quantitative ranges;
and determining a reference test result level indicating that the quantitative reference test

result falls within one of the first, second and third predetermined quantitative ranges.

[00106] In some embodiments, the medical condition is associated with thyroid serum. In
some embodiments, the plurality of medical indicators comprises at least one of: thyroid
stimulating hormone (TSH), free triiodothyroinine (FT3), free throxine (FT4), total
triiodothyronine (TT3), total thyroxine (TT4), anti—thyroid peroxidase (Anti-TPO),
antithyroglobulin (Anti-Tg), antibody against TSH receptor (Anti-TSHR), thyroglobulin
(Tg) and Calcitonin.

[00107] In some embodiments, determining the similarity comprises: determining the
similarity based on a first group of pairs of test result level and reference test result level,
cach pair comprising one of the plurality of test result levels and one of the plurality of
reference test result levels that correspond to a same medical indicator among the plurality

of medical indicators.

[00108] In some embodiments, determining the similarity comprises: determining the
similarity further based on at least one of the following: a second group of pairs of
condition levels for the patient and reference condition levels for the reference case that
cach pair corresponds to an influence factor related to the medical condition, and a third
group of pairs of test result level and reference test result level that each pair corresponds to

different special medical indicators among the plurality of medical indicators.
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[00109] In some embodiments, the similarity is determined based on a first similarity score
to indicate respective first differences between each of the first group of pairs, and further
based on at least one of the following: a second similarity score to indicate respective
second differences between each of the second group of pairs, and a third similarity score to

indicate respective third differences between each of the third group of pairs.

[00110] In some embodiments, the similarity is calculated by the following: adding the first
and second similarity scores multiplied respectively by first and second predetermined
weights; and subtracting the third similarity score multiplied by a third predetermined
weight to obtain the similarity. In some embodiments, the first predetermined weight is
larger than the second predetermined weight and the second predetermined weight is larger

than the third predetermined weight.

[00111] In some embodiments, the influence factor comprises at least one of the following:
a discase condition, a history of surgery, a medication history, an lodine treatment, a
pregnancy condition, an age, and a gender. In some embodiments, in the case that the
medical condition is associated with thyroid serum, the different special medical indicators
comprise at least two of the following: free tritodothyroinine (FT3), total triiodothyronine
(TT3), free throxine (FT4) and total thyroxine (TT4).

[00112] In some embodiments, the method further comprises: determining a plurality of
similarities between the medical condition of the patient and a plurality of medical
conditions of a group of reference cases, the group of reference cases comprising the
reference case; sorting the group of reference cases according to the plurality of similarities;
and presenting, via a user interface, a recorded interpretation for a reference medical

condition of at least one target reference case with a highest similarity.

[00113] In some embodiments, the method further comprises: obtaining a decision tree
comprising a plurality of decision conditions for a plurality of candidate interpretations
related to a medical condition; selecting an interpretation for the medical condition of the
patient from the plurality of candidate interpretations by determining whether the plurality
of test result levels meet the plurality of decision conditions; and presenting, via a user

interface, the interpretation for the medical condition of the patient.

[00114] In a second aspect, example embodiments of the present disclosure provide an
electronic device. The ¢lectronic device comprises at least one processor; and at least one

memory comprising computer readable instructions which, when executed by the at least
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one processor of the electronic device, cause the electronic device to perform the steps of

the method in the first aspect described above.

[00115] In a third aspect, example embodiments of the present disclosure provide a
computer program product comprising instructions which, when executed by a processor of
an apparatus, cause the apparatus to perform the steps of any one of the methods in the first

aspect described above.

[00116] In a fourth aspect, example embodiments of the present disclosure provide a
computer readable medium comprising program instructions for causing an apparatus to
perform at least the method in the first aspect described above. The computer readable

medium may be a non-transitory computer readable medium in some embodiments.

[00117] Generally, various example embodiments of the present disclosure may be
implemented in hardware or special purpose circuits, software, logic or any combination
thereof. Some aspects may be implemented in hardware, while other aspects may be
implemented in firmware or software which may be executed by a controller,
microprocessor or other computing device. While various aspects of the example
embodiments of the present disclosure are illustrated and described as block diagrams,
flowcharts, or using some other pictorial representations, it will be appreciated that the
blocks, apparatuses, systems, techniques, or methods described herein may be implemented
in, as non-limiting examples, hardware, software, firmware, special purpose circuits or
logic, general purpose hardware or controller or other computing devices, or some

combination thereof.

[00118] The present disclosure also provides at least one computer program product
tangibly stored on a non-transitory computer readable storage medium. The computer
program product includes computer-executable instructions, such as those included in
program modules, being executed in a device on a target real or virtual processor, to carry
out the methods/processes as described above. Generally, program modules include
routines, programs, libraries, objects, classes, components, data structures, or the like that
perform particular tasks or implement particular abstract data types. The functionality of
the program modules may be combined or split between program modules as desired in
various embodiments. Computer-executable instructions for program modules may be
executed within a local or distributed device. In a distributed device, program modules

may be located in both local and remote storage media.
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[00119] The computer readable medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable medium may include but is not
limited to an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of the foregoing. More specific
examples of the computer readable storage medium would include an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable

combination of the foregoing.

[00120] Computer program code for carrying out methods disclosed herein may be written
in any combination of one or more programming languages. The program code may be
provided to a processor or controller of a general purpose computer, special purpose
computer, or other programmable data processing apparatus, such that the program codes,
when executed by the processor or controller, cause the functions/operations specified in
the flowcharts and/or block diagrams to be implemented. The program code may execute
entirely on a computer, partly on the computer, as a stand-alone software package, partly on
the computer and partly on a remote computer or entirely on the remote computer or server.
The program code may be distributed on specially-programmed devices which may be
generally referred to herein as “modules”. Software component portions of the modules
may be written in any computer language and may be a portion of a monolithic code base,
or may be developed in more discrete code portions, such as is typical in object-oriented
computer languages. In addition, the modules may be distributed across a plurality of
computer platforms, servers, terminals, mobile devices and the like. A given module may
even be implemented such that the described functions are performed by separate

processors and/or computing hardware platforms.

[00121] While operations are depicted in a particular order, this should not be understood
as requiring that such operations be performed in the particular order shown or in sequential
order, or that all illustrated operations be performed, to achieve desirable results. In
certain circumstances, multitasking and parallel processing may be advantageous.
Likewise, while several specific implementation details are contained in the above
discussions, these should not be construed as limitations on the scope of the present

disclosure, but rather as descriptions of features that may be specific to particular
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embodiments. Certain features that are described in the context of separate embodiments
may also be implemented in combination in a single embodiment. Conversely, various
features that are described in the context of a single embodiment may also be implemented

in multiple embodiments separately or in any suitable sub-combination.

[00122] Although the present disclosure has been described in languages specific to
structural features and/or methodological acts, it is to be understood that the present
disclosure defined in the appended claims is not necessarily limited to the specific features
or acts described above. Rather, the specific features and acts described above are

disclosed as example forms of implementing the claims.
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WHAT IS CLAIMED IS:

1. A computer-implemented method, comprising;

obtaining a plurality of test result levels corresponding to a plurality of medical
indicators of a patient, each test result level indicating that a quantitative test result of a
corresponding medical indicator falls within one of a plurality of predetermined
quantitative ranges;

obtaining a plurality of reference test result levels corresponding to the plurality of
medical indicators associated with a reference case, each reference test result level
indicating that a quantitative reference test result of a corresponding medical indicator falls
within one of the plurality of predetermined quantitative ranges; and

determining a similarity between a medical condition of the patient and a reference
medical condition associated with the reference case at least based on the plurality of test

result levels and the plurality of reference test result levels.

2. The method of claim 1, wherein obtaining the plurality of test result levels
comprises: for a given one of the plurality of medical indicators having first, second and
third predetermined quantitative ranges,

comparing a quantitative test result of the given medical indicator with the first,
second and third predetermined quantitative ranges; and

determining a test result level indicating that the quantitative test result falls within

one of the first, second and third predetermined quantitative ranges.

3. The method of any of claims 1 and 2, wherein obtaining the plurality of
reference test result levels comprises: for a given one of the plurality of medical indicators
having first, second and third predetermined quantitative ranges,

comparing a quantitative reference test result of the given medical indicator with the
first, second and third predetermined quantitative ranges; and

determining a reference test result level indicating that the quantitative reference test

result falls within one of the first, second and third predetermined quantitative ranges.

4. The method of any of claims 1 to 3, wherein the medical condition is

associated with thyroid serum; and
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wherein the plurality of medical indicators comprises at least one of: thyroid
stimulating hormone (TSH), free triiodothyroinine (FT3), free throxine (FT4), total
triiodothyronine (TT3), total thyroxine (TT4), anti—thyroid peroxidase (Anti-TPO),
antithyroglobulin (Anti-Tg), antibody against TSH receptor (Anti-TSHR), thyroglobulin
(Tg) and Calcitonin.

5. The method of any of claims 1 to 4, wherein determining the similarity
comprises:

determining the similarity based on a first group of pairs of test result level and
reference test result level, each pair comprising one of the plurality of test result levels and
one of the plurality of reference test result levels that correspond to a same medical

indicator among the plurality of medical indicators.

6.  The method of claim 5, wherein determining the similarity comprises:
determining the similarity further based on at least one of the following:

a second group of pairs of condition levels for the patient and reference
condition levels for the reference case that each pair corresponds to an influence factor
related to the medical condition, and

a third group of pairs of test result level and reference test result level that
each pair corresponds to different special medical indicators among the plurality of medical

indicators.

7. The method of claim 6, wherein the similarity is determined based on a first
similarity score to indicate respective first differences between cach of the first group of
pairs, and further based on at least one of the following:

a second similarity score to indicate respective second differences between each of
the second group of pairs, and
a third similarity score to indicate respective third differences between each of the

third group of pairs.

8. The method of claim 7, wherein the similarity is calculated by the following:
adding the first and second similarity scores multiplied respectively by first and
second predetermined weights; and

subtracting the third similarity score multiplied by a third predetermined weight to
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obtain the similarity.

9. The method of claim 8, wherein the first predetermined weight is larger than
the second predetermined weight and the second predetermined weight is larger than the

third predetermined weight.

10.  The method of any of claims 6 to 9, wherein the influence factor comprises at
least one of the following: a disease condition, a history of surgery, a medication history, an
lodine treatment, a pregnancy condition, an age, and a gender; and

wherein in the case that the medical condition is associated with thyroid serum, the
different special medical indicators comprise at least two of the following: free
tritlodothyroinine (FT3), free throxine (FT4), total triiodothyronine (TT3), and total
thyroxine (TT4).

11.  The method of any of claims 1 to 10, further comprising:

determining a plurality of similarities between the medical condition of the patient
and a plurality of medical conditions of a group of reference cases, the group of reference
cases comprising the reference case;

sorting the group of reference cases according to the plurality of similarities; and

presenting, via a user interface, a recorded interpretation for a reference medical

condition of at least one target reference case with a highest similarity.

12.  The method of any of claims 1 to 11, further comprising:

obtaining a decision tree comprising a plurality of decision conditions for a plurality
of candidate interpretations related to a medical condition;

selecting an interpretation for the medical condition of the patient from the plurality
of candidate interpretations by determining whether the plurality of test result levels meet
the plurality of decision conditions; and

presenting, via a user interface, the interpretation for the medical condition of the

patient.
13.  An electronic device comprising:

at least one processor; and

at least one memory storing program instructions which, when executed by the at
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least one processor of the electronic device, cause the electronic device to perform the steps

of the method according to any of claims 1 to 12.

14. A computer program product comprising instructions which, when executed
by a processor of an apparatus, cause the apparatus to perform the steps of the method

according to any of claims 1 to 12.
15. A computer readable medium having program instructions stored thereon,

which, when executed by a device, cause the device to perform the steps of the method

according to any of claims 1 to 12.
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