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ABSTRACT

Background: Clinical hematology is advancing rapidly, addressing both benign and malignant blood disorders. However, in
Kerala, specialized hematology services remain limited. We undertook a survey to evaluate the awareness of classical and emerg-
ing hematology concepts among medical postgraduates in Kerala.

Methods: A cross-sectional, web-based survey was conducted using a 30-item multiple-choice questionnaire. It assessed knowl-
edge of classical hematology topics and advanced therapies (e.g., bone marrow transplantation, CAR-T therapy, Next-Generation
Sequencing [NGS]). Respondents’ knowledge was categorized as Excellent (=85%), Good (70-84%), Satisfactory (50-69%), or
Needs Improvement (<50%). Awareness levels were further stratified into high (>90%), moderate (75-90%), partial (50-75%),
and low (<50%).

Results: Among respondents, 30% demonstrated excellent knowledge, 36.7% good, 30% satisfactory, and 3.3% needed improve-
ment. High awareness (>90%) was observed in the clinical features of aplastic anemia (93.2%), multiple myeloma (97.7%), and
the role of NGS (100%). Moderate awareness (75-90%) included immunosuppressive therapy for aplastic anemia (81.8%) and
CAR-T therapy (81.8%). Partial awareness (50-75%) was noted for viral associations with aplastic anemia (52.3%) and autolo-
gous transplantation for multiple myeloma (68.2%). Low awareness (<50%) was seen in peripheral smear findings for aplastic
anemia (43.2%) and diagnostic tools for multiple myeloma (SPEP 34.1%, bone marrow biopsy 36.4%).

Conclusion: While awareness of traditional concepts is strong, areas such as CAR-T therapy side effects, diagnostic tools, and
transplant options could benefit from educational interventions. Establishing dedicated hematology departments and incorporating
these topics into postgraduate curricula could bridge these gaps.
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BACKGROUND

remains a scarce specialty, with limited or no training
opportunities at numerous universities.” This shortage
of specialized training has contributed to the lack of
dedicated hematology departments in many medical

Clinical hematology is a specialized field of medicine
that addresses both benign and malignant blood

disorders, encompassing a wide array of condi-
tions, including classical hematology (such as anemia,
bleeding disorders, and bone marrow failure) and he-
matologic oncology (including lymphoma, leukemia,
and multiple myeloma).! The field is evolving rapidly,
particularly with the introduction of novel diagnostic
tools and therapies, such as CAR-T cell therapy and
Next-Generation Sequencing (NGS).*> Despite the
availability of the Doctorate of Medicine (DM) course
in clinical hematology in India for over 25 years, it

colleges across the country.*

Kerala is widely recognized for its robust medical
education system and healthcare services, with its
healthcare model often lauded for ensuring broad
access to medical care.>® Nevertheless, the state faces
a shortage of specialized training opportunities in he-
matology, coupled with the absence of dedicated he-
matology departments.” While postgraduate medical
education in Kerala is highly regarded and covers a
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broad spectrum of specialties, the lack of specialized
hematology departments may result in healthcare pro-
fessionals possessing varying levels of understanding,
particularly with regard to emerging therapies and
advanced diagnostic techniques.

The complexity of conditions such as aplastic anemia,
lymphoma, and myeloma is increasing, and it is
essential for healthcare professionals to remain well-
informed about both traditional and emerging treat-
ments.® Previous studies have documented significant
knowledge gaps among medical professionals regarding
these advancements.”'? Given the limited availability of
specialized hematology departments and the increas-
ing complexity of hematological disorders, we hypoth-
esized that a similar knowledge gap may exist among
medical postgraduates in Kerala. To investigate this, we
conducted a web-based survey to assess the awareness
and understanding of hematology among medical
postgraduates across various medical colleges in Kerala
with an emphasis on classical concepts, the manage-
ment of aplastic anemia, and advanced therapies such
as bone marrow transplantation (BMT), CAR-T cell
therapy, and Next-Generation Sequencing (NGS). The
objective was to identify gaps in knowledge regarding
standard-of-care practices and emerging therapies.

METHODS
Study Design

A descriptive, cross-sectional, web-based survey was
conducted to assess the awareness and understanding
of clinical hematology among medical postgraduates
in Kerala.

Study Participants

All participants who completed the survey were
included in the analysis.

Inclusion Criteria: Postgraduate students currently
enrolled in recognized medical programs such as
internal medicine, transfusion medicine, pathology, or
pediatrics at medical colleges in Kerala, who agreed to
participate in the study.

Exclusion Criteria: Post graduates in other medical
postgraduate programs or those from unrelated dis-
ciplines, such as surgery or radiology, were excluded
from the study.

Sampling and Data Collection

Materials Used: A 30-question web-based question-
naire was developed after reviewing relevant literature.
The questionnaire aimed to assess knowledge in key

areas of clinical hematology, including classical topics
like anemia, bleeding disorders, and bone marrow
failure, as well as emerging areas like aplastic anemia,
multiple myeloma, CAR-T cell therapy, NGS, and
lymphoma. The questionnaire consisted of multiple-
choice questions designed to evaluate awareness.

Duration: The data collection occurred over a three-
month period, from May to July 2024, allowing time for
wide distribution and participant responses.

Distribution: The survey was distributed electroni-
cally via email to postgraduates who had previously
attended a clinical hematology workshop organized by
our center, as well as through the institutional networks
of participating medical colleges. Additionally, we
contacted participants for the 2024 annual hematol-
ogy conference, where the survey was included as a
voluntary submission within the conference survey.
Responses were collected anonymously through the
survey platform, and all data were securely stored to
maintain confidentiality.

Data Analysis

Descriptive statistics were used to analyze the collected
data, with results presented as percentages for cach
knowledge area.

Ethical Considerations

This survey was conducted in compliance with the
International Committee of Medical Journal Editors
(ICMJE) guidelines. Informed consent was acquired
from all participants, ensuring their voluntary participa-
tion. To encourage participation and protect privacy, no
demographic or identifying information was collected,
ensuring anonymity and minimizing potential response
bias. All data were handled confidentially, adhering to
established ethical standards.

Calculation Formula

To grade the 30-question responses, the percentage of
correct answers for each respondent was calculated.
Grading was done based on the following scale:

e A (Excellent): 85% or more correct responses
B (Good): 70% to 84% correct responses
C (Satisfactory): 50% to 69% correct responses

* D (Needs Improvement): Below 50% correct
responses

The percentage of correct responses was calculated
using the formula:
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Percentage of correct responses =
(Number of cotrect responses/44)>x100

The knowledge areas were categorized based on the
percentage of correct responses:

1. High Awareness (90%-+): Topics with over 90%
correct responses, indicating strong understanding,

2. Moderate Awareness (75%-90%): Topics with
75%-90% correct responses, showing good but in-
complete understanding.

3. Partial Awareness (50%-75%): Topics with
50%-75% correct responses, indicating significant
gaps in knowledge.

4. Low Awareness (<50%): Topics with less than 50%
correct responses, highlighting critical knowledge

gaps.

RESULTS

The knowledge areas were identified and categorized
based on the responses to the survey, with the aim of
pinpointing the strengths and weaknesses in the partic-
ipants’ understanding of clinical hematology (Figure 1
& 2). They were categorized to highlight areas where
further education and awareness efforts are needed to
bridge existing gaps.

High Awareness Areas (More than 90%)

The awareness of key concepts related to hematol-
ogy and hematologic conditions was evaluated across
various areas. High awareness was found in several
domains, with over 90% of respondents demonstrating

strong knowledge. These included the hallmark feature
of aplastic anemia (hypocellularity) and drug-induced
aplastic anemia (chloramphenicol), both with a 93.2%
correct response rate. Additionally, 90.9% of partici-
pants correctly identified markers for progression to
PNH (CD55 & CD59 deficiency). There was also a
high awareness of the clinical manifestations and com-
plications of multiple myeloma, with 97.7% correctly
identifying bone pain as a common symptom and renal
impairment as a common complication. The awareness
of NGS (Next-Generation Sequencing) and its uses
in hematology was exemplary, with 100% of respond-
ents correctly identifying its role in genetic profiling,
and 95.5% understanding its capabilities for detecting
chromosomal translocations, gene mutations, and copy
number variations.

Moderate Awareness Areas (75%-90%)

In the 75%-90% range, several areas showed good but
not universal awareness. The first-line immunosup-
pressive therapy for aplastic anemia (Cyclosporine &
ATG) was correctly identified by 81.8% of respond-
ents, reflecting a solid understanding of treatment
protocols. However, awareness of the role of HSCT
(Hematopoietic Stem Cell Transplantation) in aplastic
anemia was lower at 65.9%, suggesting some gaps in
knowledge regarding its indications, particularly for
younger patients with sibling donors. Knowledge about
CAR-T therapy for hematologic malignancies was also
moderate, with 81.8% of participants understanding
its application. While most respondents had a good
grasp of NGS’s advantages over traditional diagnostic
methods, a 77.3% correct response rate showed room

Figure 1: Number of responses related to Hematolgical Diseases
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Figure 2: Number of responses related to Emerging Treatments & Diagnostics
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Figure 2. Number of responses related to Emerging Treatments & Diagnostics

for improvement in understanding its sensitivity and
accuracy.

Partial Awareness Areas (50%-75%)

In the 50%-75% range, areas with moderate awareness
included the viral association with aplastic anemia,
where only 52.3% of respondents correctly identified
Parvovirus B19 as a relevant pathogen. Supportive
care measures like iron chelation therapy for aplastic
anemia showed a 54.5% correct response, indicating
gaps in knowledge of appropriate supportive treat-
ments. Understanding of transplant options for severe
aplastic anemia was also limited, with 54.5% correctly
identifying allogeneic transplant as the preferred
type. Awareness of CAR-T therapy side effects such
as cytokine release syndrome was somewhat better
at 68.2%, but it still highlighted the need for further
education. Similatly, 68.2% of respondents had a
partial understanding of the role of autologous stem
cell transplantation in multiple myeloma.

Low Awareness Areas (less than 50%)

Several areas displayed low awareness, with less than
50% of respondents demonstrating a solid understand-
ing. Peripheral smear findings in aplastic anemia, were
correctly identified by only 43.2%, and the ability to
differentiate aplastic anemia from MDS using bone
marrow biopsy and the utility of bone marrow trans-
plant in myeloma and aplastic anemia was also poor,
with only 45.5% providing correct answers. Post-
CAR-T evaluation markers, specifically the absence of
CD19, were recognized by only 25% of respondents,

showing significant gaps in this area. Additionally, di-
agnostic tests for multiple myeloma, such as SPEP and
bone marrow biopsy, had split responses (34.1% and
36.4%), indicating a lack of consensus on the appropri-
ate methods for diagnosing this condition.

Knowledge Grading

Respondents’ knowledge was graded into four catego-
ries: Excellent, Good, Satisfactory, and Needs Improve-
ment. In terms of overall knowledge, 30% of respond-
ents performed excellently (85% correct answers),
36.7% demonstrated good understanding (70-84%
correct), and 30% had satisfactory knowledge (50-69%
correct). However, 3.3% of respondents scored below
50%, highlighting the need for further study in certain

areas.

DISCUSSION

The results of this survey indicate a strong founda-
tional understanding of clinical hematology among
medical postgraduates in Kerala, particularly in funda-
mental areas such as aplastic anemia, multiple myeloma,
CAR-T therapy, Next-Generation Sequencing (NGS),
and lymphoma. While the majority of respondents
demonstrated a solid grasp of these topics, certain gaps
in more advanced subjects, including immunotherapy
in lymphoma, drug-induced aplastic anemia, and the
limitations of NGS, were identified.” These gaps
suggest areas requiring further educational interven-
tion. Despite these deficiencies, the majority of partici-
pants showed a high level of proficiency in the complex
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areas of hematology, suggesting that the existing cur-
riculum is effectively imparting core knowledge but
requires refinement to address more specialized topics.

We also observed that specific areas such as diagnos-
tic methods, treatment protocols, and the differentia-
tion between various hematological conditions remain
areas of concern. These findings highlight the need for
enhanced practical training and educational interven-
tions, particulatly in the areas of diagnostic accuracy
and therapeutic decision-making. Continuing improve-
ments in postgraduate education will be essential in
ensuring that medical professionals are well-equipped
to handle complex hematological cases.'

The awareness of emerging diagnostic tools, especial-
ly NGS, was particularly high, with 100% awareness
among respondents. This suggests that current post-
graduate education is effectively integrating the latest
technological advancements in hematology. However,
the survey also pointed to significant weaknesses, par-
ticularly in diagnostic challenges. There were notable
gaps in differentiating between aplastic anemia and my-
clodysplastic syndromes (MDS), with only 45.5% of
respondents able to correctly make the distinction. Ad-
ditionally, only 43.2% showed a clear understanding of
peripheral smear findings, indicating a need for stronger
diagnostic training. Another gap was in the therapeu-
tic aspects of hematology, especially regarding bone
marrow transplantation (BMT) for aplastic anemia and
multiple myeloma, where only 54.5% of respondents
demonstrated adequate knowledge.

Our analysis revealed reasonable awareness of CAR-T
therapy (81.8%), but the understanding of specific
details, such as disease progression markers (25%)
and management of side effects like cytokine release
syndrome (68.2%), was limited. This suggests the need
for more in-depth coverage of CAR-T therapy in post-
graduate curricula. There was also a marked deficiency
in awareness regarding supportive care measures, such
as iron chelation therapy for MDS and aplastic anemia,
with only 54.5% of respondents being familiar with
these strategies.””!” This highlights the need for better
education on patient management beyond primary
treatments.'®"” While there was reasonable awareness
of CAR-T therapy, the knowledge of how to monitor
and manage its side effects remains incomplete, empha-
sizing the need for a more comprehensive integration
of emerging therapies into postgraduate education.

Certain areas, such as viral associations (e.g;, Parvovirus
B19) and specific complications, were underrepresent-
ed in respondents’ knowledge.””*" Additionally, some

diagnostic tests, such as bone marrow biopsy and serum
protein electrophoresis (SPEP) for multiple myeloma,
were inconsistently recognized, suggesting variability in
exposure to these diagnostic technique.”* This reflects
the need for more consistent training across different
regions and institutions to ensure uniformity in the
knowledge base of postgraduate students.**

To address these gaps, some educational recommen-
dations can be inferred from our survey findings.
Focused training on differentiating between similar
hematological conditions, such as aplastic anemia and
MDS, is essential, along with greater emphasis on di-

agnostic findings like petipheral smeats.”

Incorpo-
rating more case-based learning into the curriculum
would help postgraduates develop the practical skills
needed to manage complex hematological conditions.
Additionally, implementing regular Continuing Medical
Education (CME) programs and workshops focusing
on emerging therapies like CAR-T therapy and sup-
portive care would help reinforce knowledge and

address observed gaps.”’

We also observed a gap in awareness about bone marrow
transplantation (BMT) as a curative treatment for
aplastic anemia and as the standard of care for multiple
myeloma in our survey.?*” This gap is particulatly con-
cerning given that multiple myeloma is among the most
common hematological malignancies in Kerala.* The
lack of awareness about BMT may be attributed to the
relatively low number of transplants performed in the
region, which limits exposure to this treatment modality.
Increasing access to BMT and improving communica-
tion about its benefits could help mitigate this knowledge
gap.”? Additionally, although BMT is increasingly ac-
cessible in Kerala, there remains a communication gap
regarding its availability. It is crucial to raise awareness
among healthcare professionals and the general public
about the accessibility and benefits of BMT.?*

The restricted exposure to BMT in medical colleges
in Kerala possibly hinders postgraduate students’ un-
derstanding of its therapeutic potential.” To address
this,
CMEs, and advocacy programs, should be conducted

to highlight the importance of BMT in managing con-
35,36

awareness campaigns, including workshops,

ditions like aplastic anemia and multiple myeloma.
Successful case studies should be emphasized to build
confidence in the treatment and encourage timely
referrals for transplant evaluation.” Updating the post-
graduate medical curriculum to incorporate the latest
advancements in hematology, including the role of
BMT, CAR-T therapy, and modern diagnostic tools,
will better equip future physicians to manage complex
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hematological disorders.”® Promoting collaboration

between hematology centers and general practitioners
can help demystify BMT and make it more accessible.
Additionally, educating patients and the broader public
about the availability and efficacy of these treatments is
crucial for improving acceptance and adoption.

CONCLUSION

Our analysis indicates that while postgraduates in Kerala
have a solid grounding in basic hematology, there are
gaps in advanced diagnostic techniques, therapeutic
strategies—including bone marrow transplants—and
emerging treatments such as CAR-T therapy. The
findings emphasize the need for enhanced training and
exposure to diagnostic skills, therapeutic decision-mak-
ing, and cutting-edge therapies to better equip medical
professionals in hematological diseases. Notably,
myeloma and lymphoma are frequently among the top
10 malignancies in the region, highlighting the impor-
tance of future physicians understanding bone marrow
transplants as a standard care treatment option.

Limitation

The limitations of our analysis include a focus on
postgraduates restricted to the state of Kerala, limiting
generalizability to other regions. The sample size may
also not fully represent the population, introducing
potential sampling bias. We also acknowledge that the
self-reported data could lead to recall or social de-
sirability bias, and the study’s cross-sectional nature
limits the assessment over time. The analysis focused
mainly on theoretical knowledge, which may not reflect
practical skills, and didn’t include a control group for
comparison. Also, differences in training across insti-
tutions could lead to varied exposure. Despite these
limitations, this is a useful study to assess hematology
awareness in Kerala and provides useful insights to
address knowledge gaps
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