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Abstract : Community medical care faces challenges such as the uneven distribution of physicians, fluctuating
medical demand, and the increased relative demand for physicians due to the increased specialization of medical
fields. Hematologists primarily address issues, such as abnormal blood cell counts, lymphadenopathy, persistent
fever, and coagulation abnormalities, which indicate hematological diseases. However, the emphasis on treating
hematologic diseases within community medicine remains relatively low. Accurate and reliable differentiation
and identification of hematological diseases with the cooperation of laboratory technicians and support of arti-
ficial intelligence is necessary. Significant advances have been made in the treatment of hematological diseases;
however, small community hospitals often lack access to these treatments and are unable to conduct clinical
trials that require specialized equipment such as for chimeric antigen receptor T-cell therapy. In the future,
hematologists will need to focus on developing their careers within the community and further optimizing their

practice to enhance patient care. J. Med. Invest. 72:21-25, February, 2025
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INTRODUCTION

In Japan, a role-sharing system has been implemented for
medical treatment. Patients receive primary care at local clin-
ics, cases that require further testing are transferred to local
community general hospitals, and further examinations are
conducted at advanced medical institutions such as university
hospitals. Although challenges, such as limited numbers and
uneven regional distribution of physicians, have been reported,
the problems of community medical care in hematology remain
to be elucidated. We conducted a comprehensive review of region-
al hematology medical care in Tokushima Prefecture in Japan.

MEDICAL CARE IN TOKUSHIMA PREFECTURE
Tokushima Prefecture

Tokushima Prefecture is situated approximately 500 km
southwest of Tokyo and 110 km from Osaka. It is considered
a rural area. The population of Tokushima Prefecture was
719,559 people in 2020(1). Tokushima Prefecture has 338.4
doctors per 100,000 population (mean, 269.2 doctors in Japan),
making it one of the top-ranking prefectures in Japan (2). On the
other hand, the prefecture is relatively large (4,147 km?) and the
number of doctors per 100 km? is 58.7 ; thus, it is ranked 29th out
of the 47 prefectures in Japan for doctor density (2, 3). A large
proportion of the population lives in the northeastern plains of
Yoshino River, whereas the less populated southwestern and
southern parts of Tokushima Prefecture are characterized by
steep mountainous terrain and a coastal area, respectively.
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These geographic features contribute to specific medical de-
mands in the western and southern regions of the prefecture.

Increase of medical demand by subdivision of specialized fields of
medical doctors

In the past, medical care in the field of internal medicine was
provided by a single physician who managed patients with dis-
eases affecting multiple organ systems. However, in recent years,
internal medicine has become increasingly specialized and sub-
divided, resulting in patients with multi-organ system diseases
often being treated by multiple organ-specific specialists within
the internal medicine framework. As a result, the number of
doctors needed per patient is increasing. This situation is con-
tributing to a disruption of the balance between medical demand
and supply. After the new physician specialty training system
started, the inequality between urban and rural areas, includ-
ing those in Tokushima Prefecture, worsened (4). With the rapid
advancements in treatments for hematological diseases, highly
specialized therapies, such as chimeric antigen receptor T-cell
(CAR-T) therapy and hematopoietic stem cell transplantation
(HSCT), have been introduced into clinical practice in Japan
(5, 6). When administering rapidly evolving treatments, such
as CAR-T cell therapy, to patients, adaptable and appropriate
collaborations between generalists and hematologists are essen-
tial. Hematologists who can additionally provide general medical
care, referred to as “deep generalists,” are important (7).

Uneven distribution of hematologists in Tokushima Prefecture

On 1 April 2024, there were 4,740 hematologists (8) for
124,000,000 people (3.82 hematologists per 100,000 people)
in Japan (9). In comparison, there are 39 hematologists (5.7
hematologists per 100,000 people) in Tokushima, including five
doctors aged over 65 years. However, only 27 out of 39 of these
hematologists were working in public hospitals. Figure 1A shows
the distribution of hematologists’ workplaces in Tokushima
as of September 2024. The distribution is concentrated in the
northeastern part of the prefecture, which does not align with
the overall population distribution (10) (Figure 1B). Therefore, it
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Distribution of hematologists and population in Tokushima prefecture. (A) The number of hematologists working in

each district. (B) The population of each municipality is represented by circles. The scale is shown in the bottom left of the figure.

may be challenging for patients to receive care for hematological
diseases in areas with a limited number of hematology special-
ists. These trends could exacerbate the imbalance between med-
ical supply and demand, especially as local populations age and
medical demand increases. The aging of physicians may further
impact this balance.

Uneven or fluctuating medical demand

There is a difference in medical demand across regions due to
variations in population composition and characteristics. How-
ever, methods to accurately assess true medical demand, as well
as standardized estimation and statistical analysis, have not
yet been established. Medical demand may fluctuate even in the
same region due to outbreaks of seasonal infectious diseases and
seasonal illnesses such as heat stroke. Regarding hematological
disease, the development of leukemia and lymphoma has season-
al fluctuations (11-13). Fluctuations of medical demand make it
challenging to estimate the number of hospital beds and staff
required, predict daily workload, and optimize the number of
allocated staff. Most hospitals maintain a consistent number of
hospital beds ; however, the occupancy rate fluctuates over time.
For example, large fluctuations were reported in many hospitals
during the COVID-19 pandemic era (14). Hematological malig-
nancies often develop without prior warning signs and can pres-
ent with sudden complications. Therefore, it is difficult to predict
when the patient may require hospital treatment, which becomes
a barrier to utilizing medical staff effectively.

DEMAND FOR HEMATOLOGISTS AND EFFORTS IN
COMMUNITY MEDICAL CARE

The true medical demand for hematology specialists remains
unclear due to a lack of accurate data. However, symptoms char-
acteristic of hematological diseases, such as cytopenia, increased
blood cell counts, lymphadenopathy, fever of unknown origin,
and bleeding disorders, are frequently encountered in primary
care practice.

Hematology in community general hospitals

Cytopenia, increased blood cell counts, lymphadenopathy,
fever of unknown origin, and bleeding tendencies are recognized
as common initial symptoms of hematological diseases ; howev-
er, these symptoms can also arise from unrelated conditions.

Japan does not have a family medicine system similar to the
system established in the United States ; therefore, most pa-
tients exhibiting these symptoms are referred to a hematologist.
Consequently, the likelihood of diagnosis with a hematological
disease after thorough examination by a hematologist is relative-
ly low. Hematologists working in community general hospitals
often encounter more cases of hematological and non-hematolog-
ical diseases, which limits their opportunities to treat true he-
matological diseases. This situation contributes to the imbalance
between medical demand and the supply of hematologists. Ad-
ditionally, there is no established method for non-hematologists
to accurately diagnose blood diseases. The development of such
methods is considered an important unmet need.

Need for accurate differentiation of complete blood count results

Abnormalities in blood cell counts are objective data that can
be easily detected and shared among medical staff. Diseases
characterized by an increase in blood cells, such as chronic
myeloid leukemia (CML), polycythemia vera, essential throm-
bocythemia, and myelofibrosis, are well-known. However, cy-
topenia is more common than blood cell increases and is often
challenging to differentiate in clinical practice. Table 1 shows
our analysis of the prevalence of blood cell count abnormalities
in a community general hospital over a six-month period. A total
of 23,446 complete blood count (CBC) examinations were per-
formed. Leukopenia was detected in 1,054 specimens from men
(9.02%) and 1,368 specimens from women (11.6%). Regarding
white blood cells (WBCs), 135 specimens (0.58%) had WBC <
1,000 (Figure 2A). Thrombocytopenia (< 15 X 10*/ul)) was de-
tected in 3,639 specimens (15.5%), with 229 specimens (0.98%)
showing platelet counts under 5 X 10*/uL (Figure 2B). Severe
anemia (Hb < 8 g/dL) was observed in 739 specimens (3.2%)
(Figure 2C). Pancytopenia, which is considered highly indicative
of a blood disorder, occurred in 460 specimens (3.94%) from men
and 316 specimens (2.68%) from women (Table 1). Although
these data include multiple and/or follow-up measurements
from the same patients, CBC abnormalities occurred frequently
and routinely, making it difficult to distinguish hematological
disorders. It is not feasible for hematologists to treat or differ-
entiate all these abnormalities ; therefore, physicians or clinical
laboratory technicians are required to identify cases with a high
probability of hematologic disease, either manually or with the
assistance of artificial intelligence (AI), and those with a high
likelihood of true hematological disorders. Ideally, hematologists
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Table 1. The number and abnormality rate of complete blood count

results.
Sex Number %
Total CBC M 11681 100
F 11785 100
Leukopenia M 1054 9.02
F 1368 11.6
Anemia M 7304 62.5
F 4484 38.0
Thrombocytopenia M 2130 18.2
F 1507 12.8
Leukopenia+anemia M 861 7.37
F 667 5.66
Leukopenia+thrombocytopenia M 509 4.36
F 521 4.42
Anemia+thrombocytopenia M 1712 14.7
F 842 7.14
Pancytopenia M 460 3.94
F 316 2.68

Abbreviations : CBC, complete blood count ; M, male ; F, female

Definition of abnormality

Leukopenia : WBC = 4000/uL

Anemia: Hb Male = 14, Female = 11.5 g/dL
Thrombocytopenia : Plt = 15X10*x/ulLL

would review all cases ; however, limited human resources make
this impractical. As an alternative, laboratory technicians could
detect abnormalities, such as blasts in peripheral blood, and re-
port patients with possible leukemia, myelodysplastic syndrome,
or lymphoma. They could also detect increased basophils to
identify possible CML cases. Furthermore, Al may be able to as-
sist in the differentiation process. A previous study reported the
effectiveness of using laboratory technicians to screen for CML
based on an increased number of basophils in peripheral blood
and notifying doctors of possible CML cases (15). Thus, clinical
laboratory technicians are important for assisting hematologists
in diagnosing and treating blood disorders.

Terminal care for hematological diseases

Despite advances in the treatment of hematological diseases,
there are still cases of refractory disease and death caused by
inadequate treatment due to factors such as old age or comor-
bidities. Unlike solid tumors, hematologic diseases often cause
bleeding due to thrombocytopenia, anemic symptoms, and fever
due to the presence of a tumor. As a result, supportive care with
blood transfusions is often necessary, as well as treatment for
persistent fever. Such care is different from terminal care in
solid cancers. Furthermore, there is a lack of terminal care spe-
cialists for end-stage hematological disease in the community.
This field has not yet been established as an academic discipline
and there are few practitioners ; therefore, unmet needs exist.

(A) White blood cells (B) Platelets
2297 2306
2500 2145 7000 6025 6213
&8 2000 1649 % 6000
‘3 1500 — 5 5000 625
S 1000 £ 4000
@© 648 @M 2636
» ¢ 3000
500 293 1830
9 45 71 77 1537 I 2000
0 S —— | 774 746
=== -] 1000 229 327 173 199
O O O O O O O OO o o o o I l [ - -
N O n O n © n © n O 1 O 0 -
VIIT‘:EEiEEEﬁaﬁ I I T e T B B S B B -
2383323383888 R%8 VaTaIRIFTIIAN
o wn o wn o wn o wn
(/uL) A +H N N ™M o I <
(x10%uL)
(C) Hemoglobin levels
6000
0 5000 4815
<@ 3557
S 4000 3449
% 3000 2328
o 2000 1622 1308
1000, 5 g4 56 327345

(g/dL)

Figure 2. The distribution of complete blood count results. The number of samples in each range is shown for : (A) white blood
cells (WBC) with <6000/uL, (B) platelets, and (C) hemoglobin levels. Abbreviations : M,male ; F, female
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GAPS IN TREATMENT ACCESS FOR HEMATOLOG-
ICAL DISEASES BETWEEN URBAN AND RURAL
AREAS

In recent years, treatments for hematological diseases are
advancing rapidly, such as CAR-T cell therapy being explored
for relapsed or refractory hematological malignancies, and new
therapeutic drugs are being developed. As a result, current
treatments for hematological malignancies are proceeding in
two stages : (1) chemotherapy and/or immunosuppressive thera-
py, and (2) CAR-T cell therapy and/or HSCT performed at core
hospitals. These treatments are often offered at large hospitals
in urban areas ; thus, in some regions, patients must travel to
other prefectures to receive treatment. This issue is not limited
to hematological diseases ; as medical treatments advance, they
are increasingly concentrated in specialized hospitals located
in urban areas. In the field of internal medicine, centralization
is challenging, as primary care is required in every rural area.
Moreover, in the field of surgery, surgical procedures are complex
and there is a correlation between the number of surgeries and
treatment outcomes ; thus, the consolidation of hospitals for spe-
cialized treatments is increasing (16, 17).

Future collaborations between urban and rural hospitals in
hematology

Remote rapid consultant system

A key challenge in diagnosing hematological diseases lies in
determining whether the patient has developed a hematological
condition, as the initial symptoms are often non-specific. Thus,
general practitioners often experience difficulties diagnosing
hematological disease. To address these challenges, the instal-
lation of a remote rapid consultation system between specialists
in urban hospitals and general practitioners in rural areas that
utilizes a secure high-speed data communication system or
smartphone-based application system is a promising solution.
Healthcare applications based on 5G technology are anticipated
(18). Using these systems, hematological specialists can refer to
clinical, laboratory, and imaging data of the patient remotely
from urban hospitals without the patient being present. This
will enable more rapid diagnosis to be conducted. To execute
these plans, medical staff need to acquire skills to handle fast
communication computer systems.

Collaboration system using telemedicine between patients and
medical staff

Despite the advancement of hematological treatments, such as
CAR-T therapy and HSCT, the long-term effects and side effects
remain to be elucidated. Thus, many doctors in general hospitals
have concerns regarding patient follow-up. A potential solution
is for experienced doctors to visit rural hospitals to provide
medical care, as many issues that arise during follow-up after
CAR-T and HSCT therapy can be resolved through explanations
or the administration of simple treatments. To address these
challenges, a bidirectional videophone communication system
that connects patients, staff in rural hospitals, and staff in urban
hospitals is needed.

The necessity of deep generalists

Treatment of hematological disease is rapidly evolving in
many areas of internal medicine. Specialists who can provide
general medical care with a deep understanding of advanced
hematology care, referred to as “deep generalists”, are essential.
Moreover, physicians specializing in regional cooperation and
regional hematology are also increasingly needed to provide
medical care in community healthcare settings.
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CAREER DEVELOPMENT OF HEMATOLOGISTS IN
COMMUNITY MEDICAL CARE

Currently, the number of hematologists in community general
hospitals is limited. This shortage is exacerbated by the diffi-
culty of obtaining specialist certification in hematology without
prior experience at a large hospital. Furthermore, the treatment
of hematological diseases is becoming increasingly sophisticat-
ed, with CAR-T cell therapy and HSCT now considered standard
care and cancer gene panel tests for hematological malignancies
scheduled to be implemented at some core hospitals. These
advanced treatments, which require significant capital invest-
ment and specialized equipment, can only be provided at large
hospitals and are difficult to integrate into community medicine.
As a result, gaining experience in these treatments within the
community is challenging, and obtaining specialist certification,
which is now standardized by academic societies, is difficult for
physicians working in the community. It is essential to establish
a clear career and training path for young doctors. Educating
junior doctors and creating training paths leading to a career in
the field are important for stabilizing community medical care
in hematology.

FUTURE PERSPECTIVE USING Al IN COMMUNITY
MEDICAL CARE IN HEMATOLOGY

In rural areas, the number of specialists is relatively
small ; therefore, there may be challenges diagnosing rare dis-
eases. Al could potentially assist in overcoming this issue such
as using an image recognition system to aid the differentiation
of hematological diseases by analyzing images of peripheral
blood or bone marrow smears (19, 20). Complete blood count
data-based machine learning may help early detection of hema-
tological disease, such as hemoglobinopathies and anemia, and
solid cancer such as colorectal cancer (21-23). Al can potentially
benefit patients as well as inexperienced medical staff in commu-
nity general medicine.

CONCLUSION

In community hematology practice, the prompt and accurate
identification of hematological diseases, including abnormal
blood counts and symptoms characteristic of such conditions, is
necessary. However, the number of facilities offering advanced
hematological treatments is limited, which places a burden on
both hematologists and patients. To improve efficiency in hema-
tological diagnosis and treatment, greater integration of online
medical care, the use of Al to detect abnormal blood cell counts,
and the strengthening of cooperation and networking between
large hospitals and regional hospitals is needed. These strategies
could help ensure earlier diagnosis, enhance treatment options,
and achieve better patient outcomes including prolonged progno-
sis and improved quality of life.
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