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It is with great pride that we present the inaugural issue of the Journal of
Medicine and Urban Health (JMUH), marking a new era in our legacy as the
Vajira Medical Journal: Journal of Urban Medicine. This transformation signifies
a timely expansion of the Journal’s vision—to serve not only as a reputable
scientific publication, but also as a bridge for Thai researchers to connect and
collaborate with the international research community under our new identity.

We are honored to welcome a newly appointed editorial board composed of
leading experts from Thailand and around the world. Their collective expertise
will guide our commitment to publishing impactful, peer-reviewed research across
a wide range of disciplines—including clinical and basic sciences, public health
(especially in urban settings), health policy, and medical innovation.

Our goal is to position the journal as a prominent international platform that
contributes to medical and public health knowledge and informs policies relevant
to health—particularly in urban contexts. We also aspire to be indexed in Scopus
and other high-visibility international databases in the coming years, ensuring the
widest possible reach for our authors’ work.

As Editor-in-Chief, I invite researchers worldwide to contribute to and engage
with the JMUH. Together, we aim to advance knowledge that improves medical
and public health outcomes for populations globally, especially in urban environments.
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therapeutic landscape of EMC, particularly in patients with high-risk, advanced,

with targeted therapies, immunotherapy in particular, immune checkpoint inhibitors

incorporating chemotherapy, targeted therapies, and ICIs with or without tyrosine
kinase inhibitor, followed by maintenance therapy. This approach has resulted in
clinically meaningful improvements in progression-free survival and, in selected
populations, overall survival, with the most pronounced benefit observed in mismatch
repair (MMR)-deficient tumors. This review summarizes current evidence from
pivotal phase II-III trials evaluating ICIs combined with chemotherapy, ICIs with
poly adenosine diphosphate ribose polymerase inhibitors, and targeted agents
including trastuzumab, bevacizumab, and selinexor as first- and second-line treatment
for EMC. Studies of antibody-drug conjugates, novel therapeutic agents designed
to selectively deliver cytotoxic drugs and thereby reduce the systemic toxicity
associated with chemotherapy, were also included. Treatment recommendations
are summarized within the context of MMR status, p53 abnormalities, human
epidermal growth factor receptor 2/neu expression, and other emerging molecular
biomarkers.

Keywords: antibody-drug conjugates, endometrial cancer, immunotherapy, precision
oncology, targeted therapy
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ICI, Targeted Therapy, ADC for Endometrial Cancer

INTRODUCTION

Endometrial cancer (EMC) is the most common
gynecologic cancer in developed countries and second
most common gynecologic cancer in Thailand." Most
patients seek medical consultation in early-stage
disease due to abnormal uterine bleeding which is the
most common symptom. Early-stage disease is often
curable with surgery. If indicated with risk features,
radiation therapy is the mainstay of adjuvant treatment.

Chemotherapy either in combination with radiation
therapy or chemotherapy alone is considered for the
patients with higher risk. For advanced and recurrent
diseases, systemic treatment is generally required
and relied primarily on chemotherapy, most commonly
platinum- and taxane-based regimens.” However,
chemotherapy offered only limited durability of response
and poor outcomes for patients with high-risk, advanced,
or recurrent disease.

Over the past decade, advances in molecular
classification and tumor biology of EMC have been
demonstrated. The Cancer Genome Atlas (TCGA)
Research Network reported a biologically heterogeneous
nature and a broad spectrum of clinical behavior of
many cancers including EMC.® Molecular classification
has fundamentally altered the understanding of EMC
biology and subsequent refinement into clinically
applicable molecular subgroups. This has also
transformed the therapeutic landscape from generalized
systemic treatment with chemotherapy to personalized
therapy with targeted therapies, immune checkpoint
inhibitors (ICIs), and antibody—-drug conjugates (ADCs).

Targeted therapies focus on tailoring treatment
according to specific molecular abnormalities of cancer,
thereby increasing specificity and reducing damage to
normal tissues. Immunotherapy, on the other hand,
enhances the function of the immune system in
controlling and eliminating cancer cells in appropriately
selected patients. ADCs represent a new frontier in
EMC treatment by combining precise molecular targeting
with potent cytotoxic payloads, aiming to improve the
efficiency of cancer cell eradication while minimizing
effects on normal cells.

The integration of these novel agents has led
to meaningful improvements in progression-free
survival (PFS) and, in selected populations, overall
survival (OS). This review summarizes the evolution of
systemic therapy in EMC, from traditional chemotherapy
to biomarker-driven precision medicine.

We discuss pivotal clinical trials supporting first-line
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and subsequent-line use of targeted agents, ICIs,
and ADCs, with emphasis on molecular stratification,
clinical outcomes, and future directions. A detailed
critical appraisal of each studies/ trials is beyond the
scope of this review and will be addressed in our
upcoming work.

CONTENT OF REVIEW

Chemotherapy for EMC

Initial systemic therapy for advanced or recurrent EMC
was based on single-agent chemotherapy, particularly
doxorubicin, which showed modest activity in early
Gynecologic Oncology Group (GOG) studies during
the 1980s-1990s." Efforts to improve outcomes led
to evaluation of combination regimens. GOG-122
demonstrated that doxorubicin plus cisplatin chemotherapy
significantly improved PFS and OS compared with
whole abdominal irradiation in advanced-stage disease,
establishing combination chemotherapy as standard
treatment.” Subsequent intensification with the triplet
regimen of paclitaxel, doxorubicin, and cisplatin (TAP)
in GOG-177 resulted in superior objective response
rate (ORR), PFS and OS compared with doxorubicin—
cisplatin, but at the cost of substantial neurotoxicity.’
Subsequent trial GOG-209 showed that carboplatin
plus paclitaxel was non-inferior to TAP in OS with
significantly reduced toxicity.” This benchmark trial
has led carboplatin plus paclitaxel as the preferred
first-line chemotherapy regimen for advanced or
recurrent EMC.

Molecular classification and risk stratification of EMC
Based on the TCGA findings of biologic molecular
characteristics, genomic alterations, and gene
mutations, EMC is classified into four molecular
subgroups. These are: Polymerase Epsilon (POLE)-
mutated, mismatch repair-deficient (MMRd), p53-
abnormal, and no specific molecular profile (NSMP).
These subtypes have distinct immunogenicity and
prognostic outcomes. Notably, because POLE mutation
acts as a driver mutation, multiple molecular
abnormalities (multiple classifiers) may coexist. POLE
mutation may be found together with MMRd and/or
TP53 mutation (p53abn) in approximately 10-20% of
cases. In such cases, prognosis should be determined
by the presence of POLE mutation. MMRd may also
coexist with TP53 mutation; although data remain
limited, prognosis should be determined according to
MMRd status.”

https://doi.org/10.62691/jmuh.2026.7174
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Both the International Federation of Gynaecology
and Obstetrics (FIGO)8 and the European Society of
Gynaecological Oncology (ESGO)/ the European
Society for Radiotherapy and Oncology (ESTRO)/
the European Society of Pathology (ESP) guidelines’
recommend molecular testing as an adjunct to standard
histopathologic evaluation whenever feasible. Molecular
testing can be performed on preoperative biopsy/
curettage specimens or on hysterectomy specimens.

In early-stage EMC, POLE-mutated and p53-
abnormal statuses are to be annotated and modify
the anatomical stage.® Molecular classification is
particularly important in high-grade endometrioid
carcinoma (grade 3) which exhibits significant
heterogeneity in clinical behavior and molecular
characteristics. Early-stage tumors with POLE mutation
have an excellent prognosis, whereas tumors with
pb53abn or NSMP tumors that are estrogen receptor
(ER)-negative are associated with poor prognosis.”'

In advanced stage or recurrent disease, the
expression of MMRd and p53-abnormal certainly impact
the therapeutic intervention. MMRd tumors exhibit
high neoantigen load and immune infiltration, rendering
them highly sensitive to ICIs, whereas p53-abnormal
tumors often benefit from antiangiogenic or human
epidermal growth factor receptor 2 (HER2)-targeted
approaches.

ESGO, ESTRO, ESP have jointly made a
recommendation of EMC treatment based on prognostic
risk group incorporating FIGO staging, location of
cancer, surgical pathological and molecular features.”

Targeted therapies, immunotherapy, ADCs
for EMC

Targeted therapies and ICIs with or without poly
adenosine diphosphate ribose polymerase (PARP)
inhibitors have been tested in many clinical trials as
first- or second-line of treatment for EMC. As first-line
treatment, the drugs were combined with chemotherapy,
mainly paclitaxel and carboplatin, followed by maintenance
therapy after completion of chemotherapy. Tyrosine
kinase inhibitors were also tested in combination with
ICIs, substituting for the original chemotherapy. These
agents were also included in many trials as second-line
of EMC treatment.

I. First-line targeted therapy and immunotherapy in

EMC patients
Clinical studies evaluating these agents as first-line

J Med Urban Health 2026;70(1):e7174

treatment are summarized in Table 1 and discussed
below.

1. ICIs combined with chemotherapy followed
by ICI with or without PARP inhibitor maintenance

Four main randomized phase III trials—RUBY,
NRG-GY018, AtTEnd, and durvalumab and olaparib
(DUO-E)—have evaluated ICIs combined with
carboplatin—paclitaxel as first-line therapy in high-risk,
advanced, or metastatic EMC, including carcinosarcoma.
Collectively, the studies support the use of ICIs
combined with carboplatin—paclitaxel followed by ICIs
maintenance as first-line treatment in high-risk,
advanced, or metastatic EMC—particularly in MMRd
tumors, where substantial PFS and emerging OS
benefits are observed (e.g., RUBY PFS at 24 months:
61.4% vs. 15.7%; hazard ratio (HR) 0.28). In
mismatch repair-proficient (MMRp) tumors, ICIs
provide consistent PFS benefit, though OS benefit
remains less clear. PD-L1 inhibitors such as
atezolizumab improve PFS (especially in MMRd
disease), but OS benefit has not been clearly
demonstrated. Details are as follows:

1.1 Dostarlimab (RUBY Part 1 / European
Gynecological Oncology Trial (ENGOT)-EN6-NSGO
/ GOG-3031)

The RUBY trial comprised two parts. Part 1
evaluated immunotherapy alone and has been
published,”"” while Part 2 evaluates immunotherapy
combined with a PARP inhibitor. Part 1 study
randomized 494 patients with stage III-IV or first
recurrent EMC to receive dostarlimab 500 mg
or placebo intravenously, in combination with
carboplatin—paclitaxel every 3 weeks for 6 cycles."”
This was followed by maintenance treatment with
dostarlimab 1000 mg or placebo every 6 weeks for
up to 3 years.

The results showed significantly improved PFS
at 24 months and OS at 36 months in the patients
who had dostarlimab compared to placebo: 36.1% vs.
18.1% (HR 0.64) and 54.9% vs. 42.9% (HR 0.69),
respectively. The survival benefits with dostarlimab
were evidenced regardless of MMR/ microsatellite
stable (MSS) status, albeit lower extent of benefits
in the MMRp/MSS group. The greatest benefit was
observed in patients with MMRd/high microsatellite
instability (MSI-H) tumors, with the PFS at 24 months
and OS at 36 months of 61.4% vs. 15.7% (HR 0.28)
and 78.0% vs. 46.0% (HR 0.32), respectively. The
outcomes for the patients with MMRp/MSS tumors
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Table 1

Biomarker

Studies Evaluating ICIs and Targeted Therapies as First-Line Treatment for EMC

Outcome (study vs. control)

Study (ref) Patient Treatment Data presented as median unless
Sine specified otherwise
RUBY part1/ N = 494 MMRd/ 1) TC Q3W x 6 cycles All:
ENGOT-EN6-NSGO/  Measurable stage MSI-H vs. with Dos 500 mg IV 24-m PFS 36.1 vs. 18.1%
GOG-3031 (part 1) III-IVA, stage IVB, MMRp/MSS Q3W x 6 cycles then (HR 0.64, 95% CI 0.51-0.80, p < 0.001)
phase III trial or RR-EC/CS (CT-free Dos 1000 mg IV Q6W 36-m OS 54.9 vs. 42.9%
(NCT03981796)"™"* > 6 m) to 3 yrs or until PD/ (HR 0.69, 95% CI 0.54-0.89, p = 0.002)
1L for stage III-IV toxicity MMRd/MSI-H:
1L/2L for RR 2) TC (as arm 1) 24-m PFS 61.4 vs. 15.7%
(HR 0.28, 95% CI 0.16-0.50, p < 0.001)
36-m OS 78.0 vs. 46.0%
(HR 0.32, 95% CI 0.17-0.63, p < 0.001)
MMRp/MSS:
24-m PFS 28.4 vs. 18.8%
(HR 0.76, 95% CI 0.59-0.98)
36-m OS 48.6 vs. 41.9%
(HR 0.79, 95% CI 0.60-1.40, p = 0.049)
KEYNOTE-868/ N = 816 MMRd vs. 1) TC Q3W x 6-8 cycles MMRd:
NRG-GY018 Measurable stage MMRp with Pembro 200 mg 12-m PFS 74% (NA) vs. 38%
phase III trial ITI- IVB, RR-EC IV Q3W x 6-8 cycles, (median 7.6 m)
(NCT03914612)" (CT-free > 12 m) then Pembro 400 mg (HR 0.30, 95% CI 0.19-0.48, p < 0.001)
1L for stage III-IV IV Q6W x 14 cycles MMRp:
1L/ 2L for RR 2) TC (as arm 1) PFS 131 m vs. 8.7 m
(HR 0.54, 95% CI 0.41-0.71, p < 0.001)
KEYNOTE-B21/ N = 1095 MMRd vs. 1) TC Q3W x 6 cycles All:
ENGOT-en11/ Stage I, II, MMRp with Pembro 200 mg PFS NR (22%) vs. NR (22%)
GOG-3053 non-endometrioid IV Q3W x 6-8 cycles, (HR 1.02, 95% CI 0.79-1.32, p = 0.570)
(NCT04634877)" with MI or then Pembro 400 mg MMRd:
Stage I, II, abnormal IV Q6W x 6 cycles vs. PFS NR vs. NR
p53/TP53 with MI or 2) TC (as arm 1) (HR 0.31, 95% CI 0.14-0.69)
Stage III or IVA, any MMRp:
histology PFS NR vs. NR
(HR 1.20, 95% CI 0.91-1.57)
AtTEnd/ENGOT-en7 N = 551 MMRd vs. 1) TC Q3W x 6-8 cycles All:
phase III trial Measurable stage MMRp with Atezolizumab 1200 PFS 10.1 vs. 8.9 m

(NCT03603184)™ III-IV or RR-EC/CS

- 1L for all

mg IV Q3W x 6-8 cycles
then Atezolizumab 1200
mg IV Q3W until PD or
toxicity vs.

2) TC (as arm 1)

(HR 0.74, 95% CI 0.61-0.91, p = 0.022)

OS 38.7 vs. 30.2 m

(HR 0.82, 95% CI 0.63-1.07, p = 0.048)
MMRd:

PFS NA vs. 6.9 m

(HR 0.36, 95% CI 0.23-0.57, p < 0.001)

OS NA vs. 25.7 m

(HR 0.41, 95% CI 0.22-0.76)
MMRp:

PFS 9.5 vs. 9.2 m

(HR 0.92, 95% CI 0.73-1.1.6)

OS 31.5 vs. 28.6 m

(HR 1.00, 95% CI 0.74-1.35)
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Table 1

Biomarker

Studies Evaluating ICIs and Targeted Therapies as First-Line Treatment for EMC (cont.)

Outcome (study vs. control)

Study (ref) Patient Treatment Data presented as median unless
Status specified otherwise
DUO-E phase III N = 718 MMRd vs. 1) TC Q3W x 6-8 cycles All:
trial Measurable stage III MMRp (Control) vs. 12-m PFS 61.5% vs. 48.5% vs. 41.1%
(NCT04269200)"*"  or IV or RR-EC/CS 2) TC (as I) + Du 1,120 mg DuO vs. Control: HR 0.55,
(CT-free > 12 m), IV Q3W x 6-8 cycles, 95% CI 0.43-0.69, p < 0.0001
1L for stage III-IV then Du 1,500 mg IV Du vs. Control: HR 0.71,
1L/2L for RR Q4W until PD or 95% CI 0.57-0.89, p = 0.003
toxicity (Du) vs. 12-m OS 87.7% vs. 84.2% vs. 79.7%
3) TC (as I) + Du 1,120 mg DuO vs. Control: HR 0.59,
IV Q3W x 6-8 cycles, 95% CI 0.42-0.83, p = 0.003
then Du 1,500 mg IV Du vs. Control: HR 0.77,
Q4W + Olaparib 300 mg 95% CI 0.56-1.07, p = 0.120)
tablets bid until PD or MMRd:
toxicity (DO) 12-m PFS 70.0% vs. 67.9% vs. 43.3%
DuO vs. Control: HR 0.41,
95% CI 0.21-0.75
Dur vs. Control: HR 0.42,
95% CI 0.22-0.80
12-m OS 89.2% vs. 91.2% vs. 74.4%
DuO vs. Control: HR 0.28
95% CI 0.10-0.68
Du vs. Control: HR 0.34
95% CI 0.13-0.79
MMRp:
12-m PFS 59.4% vs. 44.4% vs. 40.8%
DuO vs. Control: HR 0.57,
95% CI 0.44-0.73
Dur vs. Control: HR 0.77,
95% CI 0.60-0.97
12-m OS 87.3% vs. 82.5% vs. 81.0%
DuO vs. Control: HR 0.69 95% CI
0.47-1.00
Du vs. Control: HR 0.91 95% CI 0.64-1.30
LEAP-001/EN- N = 842 MMRp 1) TC Q3W x 6-8 cycles All:
GOT-en9 phase III Stage III-IV or RR-EC vs. PFS 12.5 vs. 10.2 m
trial (CT-free > 6 m) 2) Lenva 20 mg oral OD (HR 0.91, 95% CI 0.76-1.09)
(NCT03884101)*° 1L for stage III-1V, + Pembro 200 mg IV OS 37.7 vs. 321 m
1L/2L for RR Q3W until PD or toxicity (HR 0.93, 95% CI 0.77-1.12)
MMRp:
PFS 9.6 vs. 10.2 m
(HR 0.99, 95% CI 0.82-1.21)
OS 30.9 vs. 29.4 m
(HR 1.02, 95% CI 0.83-1.26)
Fader et al. N = 61 HER2/neu TC Q3W x 6 cycles + PFS 12.9 vs. 8.0 m
(Phase II)*" % Stage III-IV or RR-EC Trastuzumab 6 mg/kg IV (HR 0.46, 90% CI 0.28-0.76, p = 0.005)
1L for all (8 mg/kg first cycle) OS 29.6 vs. 24.4 m
Q3W until PD or toxicity (HR 0.58, 90% CI 0.34-0.99, p = 0.046).
vs.TC (as arm 1)
GOG-86P N = 494 p53abn 1) Bev IV and TC IV PFS

(NCT00977574)%

Measurable stage
ITI-IVA or stage IVB
or RR-EC (CT-free

> 6 m)

1L for all

Q3W x 6 cycles, then
Bev IV Q3W until PD
or toxicity
Temsirolimus IV Day1
and 8 + TC IV Q3W
x 6 cycles then
Temsirolimus IV Day
1, 8, and 15 Q3W
until PD or toxicity
Bev IV + IxaC IV
Q3W x 6 cycles, then
Bev IV Q3W until PD
or toxicity

N

3

Bev* vs. Temsirolimus: 12.5 vs. 8.2 m;
HR 0.48, 95% CI 0.31-0.75)
Bev/TC vs. Temsirolimus/TC:
HR 0.55, 95% CI 0.32-0.94)
Bev/IxaC vs. Temsirolimus/TC:
HR 0.43, 95% CI 0.26-0.71)
oS
Bev* vs. Temsirolimus: HR 0.61,
95% CI 0.38-0.98
*Bev referred to data from both arm 1
and arm 3.
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ICI, Targeted Therapy, ADC for Endometrial Cancer

Table 1 Studies Evaluating ICIs and Targeted Therapies as First-Line Treatment for EMC (cont.)
Bi K Outcome (study vs control)
Study (ref) Patient tomarker Treatment Data presented as median unless
Status i .
specified otherwise
SIENDO/EN- N = 263 p53wt Selinexor 80 mg or All:
GOT-EN5/GOG-3055 Stage IV or RR-EC MMRd/ placebo oral once weekly PFS 5.7 vs. 3.8 m (HR 0.76, 95% CI
Phase III trial®®?® completed > 12 w of MMRp (2:1) 0.54-1.08, p = 0.126)

taxane-platinum, with
PR/CR

1L for stage IV
1L/2L for RR

p53wt: PFS 28.4 vs. 5.2 m

(HR 0.44, 95% CI 0.27-0.73)
p53wt/MMRp: PFS 39.5 vs. 4.9 m
(HR 0.36, 95% CI 0.19-0.71)
p53wt/MMRd: PFS 13.1 vs. 3.7 m
(HR 0.49, 95% CI 0.18-1.34)

Abbreviations: 1L, first-line; 2L, second-line; Bev, bevacizumab; CI, confidence interval; CT, chemotherapy; CS, carcinosarcoma; Dur, durvalumab;
DuO, durvalumab and olaparib; Dos, dostarlimab; ENGOT, European Gynecological Oncology Trial; EMC, endometrial cancer; HR, hazard ratio; IxaC,
ixabepilone and carboplatin; Lenva, lenvatinib; MMRd, mismatched repair deficient; MMRp, mismatched repair proficient; MI, myometrial invasion;
NSMP; NA, not available; NR, not reach, NSMP, no specific molecular profile; OS, overall survival; p53wt, p53 wild type; pembro, pembrolizumab;
PD, progressive disease; PFS, progression-free survival; PR/CR, partial response/complete response; RR, recurrence; TC, paclitaxel and carboplatin

were also improved, albeit more modest, with the
corresponding PFS and OS of 28.4% vs. 18.8% (HR
0.76) and 48.6% vs. 41.9% (HR 0.79),
1.2 Pembrolizumab
1) KEYNOTE-868 / NRG-GY018
This phase III trial enrolled 816 patients with
advanced EMC (stage III-IVA with measurable
disease, stage IVB, or recurrent disease with or without

respectively.

measurable disease). This is the only first-line
chemoimmunotherapy trial which excluded subjects
with uterine carcinosarcomas. Patients were stratified
into MMRd (n = 225) and MMRp (n = 591) cohorts.” The
patients were randomized 1:1 to receive pembrolizumab
200 mg or placebo with carboplatin—paclitaxel every
3 weeks for 6 cycles (up to 10 cycles in selected
patients), followed by maintenance treatment with
pembrolizumab 400 mg or placebo every 6 weeks for
up to 2 years.

Significantly improved PFS benefits from
pembrolizumab over chemotherapy alone were
demonstrated regardless of MMR status. Among the
patients with MMRp tumors, median PFS of the
patients who received pembrolizumab was significantly
longer vs. control: 13.1 vs. 8.7 months; HR 0.54.
Higher degree of benefits was found in those with
MMRd tumors, the corresponding 12-month PFS were
74% vs. 38%. Median PFS was not reached in the
pembrolizumab group versus 7.6 months in the control
group (HR 0.30).

2) KEYNOTE-B21 / ENGOT-en11 / GOG-3053

This phase III trial enrolled 1,095 patients with
stage I-II disease with myometrial invasion and
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non-endometrioid histology or p53/TP53 abnormalities,
or stage III-IVA disease with no residual disease
after surgery."”

The patients were randomized to receive
pembrolizumab or placebo, with carboplatin—paclitaxel
for 6 cycles, followed by pembrolizumab or placebo
every 6 weeks for 6 additional cycles. No difference
in PFS was observed overall (22% in both arms).
However, prespecified subgroup analysis demonstrated
improved PFS in the MMRd subgroup treated with
pembrolizumab (HR 0.31), reinforcing the clinical
benefit of ICIs in MMRd EMC. Longer follow-up is
ongoing to further clarify the benefits.

1.3 Atezolizumab (AtTEnd / ENGOT-en7)

In this trial, 551 patients with advanced (stage
ITI-IV) or first recurrent EMC were randomized 2:1
to receive atezolizumab 1200 mg or placebo with
carboplatin—paclitaxel every 3 weeks for 6-8 cycles,
followed by maintenance atezolizumab or placebo
every 3 weeks until disease progression.15

No difference in ORR was observed (75% vs.
74.6%). Nevertheless, the median PFS and OS of all
populations were significantly longer with atezolizumab:
10.1 vs. 8.9 months; HR 0.74 for PFS and 38.7 vs.
30.2 months; HR 0.82 for OS. The benefits were
observed only in the MMRd group, with median PFS and
median OS not reached in those receiving atezolizumab
vs. 6.9 months (HR 0.36) and 25.7 months (HR 0.41)
in the placebo group. No statistically significant
differences in PFS or OS of the patients with MMRp
tumors were observed.
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1.4DUO-E / GOG-3041 / ENGOT-EN10

This phase III trial randomized 718 patients
with advanced or first recurrent EMC to receive
carboplatin—paclitaxel alone or added with durvalumab
1120 mg every 3 weeks for 6 cycles before durvalumab
maintenance 1500 mg every 4 weeks or added with
durvalumab before durvalumab and olaparib 300 mg
tablets twice daily maintenance.”®"

The results of all population showed 12-month
PFS was significantly higher in all patients who had
durvalumab than chemotherapy alone: 48.5% vs.
41.1% (HR 0.71). The benefits were observed in both
MMRp subgroup (modest improvement of 12-month
PFS: 44.4% vs. 40.8%; HR 0.77) and especially in
MMRd subgroup (12-month PFS of 67.9% vs. 43.3%;
HR 0.42).

2. ICIs combined with chemotherapy followed
by ICIs plus PARP inhibitor maintenance Therapy

Advanced and metastatic EMC frequently harbors
mutations in PTEN, TP53, and other genes involved
in homologous recombination DNA repair (HRD).
Recent studies, including DUO-E and RUBY Part 2,
have evaluated the role of PARP inhibitors combination
with ICIs as maintenance therapy following ICIs
combined with chemotherapy in EMC.

2.1DUO-E / GOG-3041 / ENGOT-EN10

The DUO-E trial also explored whether adding
olaparib to durvalumab as maintenance therapy could
further improve outcomes beyond those described in
Section 1.4.

In patients receiving durvalumab plus olaparib
as maintenance therapy, both PFS and OS were
significantly improved compared with chemotherapy
alone (HR 0.55). When comparing maintenance
strategies following chemotherapy plus durvalumab by
MMR status, both durvalumab alone and durvalumab
plus olaparib demonstrated closely align PFS benefits,
although direct statistical comparison was not performed
(HR 0.42 vs. HR 0.41, respectively) in the MMRd
subgroup. However, in MMRp subgroup, there was a
trend toward improved PFS (HR 0.57) from durvalumab
plus olaparib compared with durvalumab alone (HR
0.77).

Post hoc analyses evaluating the highly
heterogeneous MMRp subgroup—characterized by
overlapping biomarker expression (67% PD-L1 positive,
59% TP53 mutation, 21% HRD, 8% BRCA mutation,
and 27% serous carcinoma)—demonstrated that
durvalumab plus olaparib combined with chemotherapy

J Med Urban Health 2026;70(1):e7174

improved PFS compared with chemotherapy alone
across all biomarker-defined subgroups.’®

2.2 Dostarlimab plus niraparib (RUBY Part 2
/ ENGOT-EN6-NSGO / GOG-3031)

This study compared dostarlimab plus
chemotherapy followed by maintenance dostarlimab
plus niraparib compared to placebo plus chemotherapy
followed by placebo. The experimental arm was
associated with longer PFS in the intention-to-treat
population (median 14.5 vs. 8.3 months; HR 0.60)
and the MMRp/MSS cohort (median 14.3 vs. 8.3
months; HR 0.63)."°

3. ICIs combined with tyrosine kinase in-
hibitors

3.1 Pembrolizumab plus Lenvatinib (LEAP-001
/ ENGOT-en9)

This phase III trial randomized 842 patients
with advanced (stage III-IV) or first recurrent EMC
who had not previously received first-line chemotherapy
to have pembrolizumab 200 mg intravenously every
3 weeks plus lenvatinibo 20 mg orally once daily
until disease progression vs. carboplatin—paclitaxel
chemotherapy every 3 weeks for up to 7 cycles.”

After a median follow-up of approximately 38
months, no significant differences in PFS or OS were
observed in the overall population. However, in
the MMRd subgroup (n = 200), median PFS was
significantly longer with pembrolizumab plus lenvatinib
(31.8 vs. 9.0 months; HR 0.62).

4. Targeted therapies combined with
chemotherapy followed by targeted maintenance

4.1 Trastuzumab (NCT01367002)

Serous carcinoma and carcinosarcoma of
the endometrium frequently overexpress HER2/neu,
providing a rationale for treatment with trastuzumab,
a monoclonal antibody targeting the extracellular
domain of HER2/neu.

A randomized phase II trial in patients with
advanced-stage or first recurrent with HER2/neu-
positive uterine serous carcinoma compared carboplatin—
paclitaxel plus trastuzumab (8 mg/kg loading dose,
followed by 6 mg/kg every 3 weeks intravenously)

21,22 .
““ Treatments continued

to carboplatin—paclitaxel alone.
until disease progression.
The study found an addition of trastuzumab
significantly improved both PFS (12.9 vs. 8.0 months;
HR 0.46) and OS (29.6 vs. 24.4 months; HR 0.58).
Trastuzumab combined with chemotherapy was well

tolerated, with manageable toxicity.
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4.2 Bevacizumab (GOG-86P)

A phase II trial evaluated bevacizumab in
patients with advanced (stage III-IV) or recurrent
EMC who had not previously received chemotherapy.”
Patients were assigned into 3 arms of treatment:

1) Paclitaxel/carboplatin/bevacizumab 2) Paclitaxel/
carboplatin/temsirolimus, and 3) Ixabepilone/
carboplatin/ bevacizumab. Bevacizumab (arms 1
and 3) or temsirolimus (arm 2) was continued as
maintenance therapy.

The ORRs were similar across all three arms.
However, OS in the patients who had paclitaxel/
carboplatin/bevacizumab (arm 1 and arm 3) were
superior compared with temsirolimus (and compared
with historical controls from GOG-209). Subsequent
analyses focusing on TP53 mutation status
demonstrated that among patients with p53-abnormal
tumors (n = 108), bevacizumab significantly improved
with HR of 0.48 for PFS and HR of 0.61 for OS
compared to the patients who had temsirolimus.
No significant survival benefit was observed in patients
with TP53 wild-type tumors.™

4.3 Selinexor (SIENDO / ENGOT-EN5 / GOG-
3055)

Selinexor is a targeted Exportin 1 (XPO1)
inhibitor that blocks nuclear export of tumor suppressor
proteins, including p53, thereby promoting selective
apoptosis and inhibiting DNA damage repair mechanisms.

The SIENDO phase III trial” randomized 263
patients with metastatic (stage IV) or recurrent EMC
to receive selinexor or placebo following platinum-based
chemotherapy. In the overall population, selinexor did
not significantly improve outcomes. However, in
patients with p53 wild-type tumors, median PFS was
significantly prolonged with selinexor (39.5 vs. 4.9
months; HR 0.36).7°

An additional phase III trial (ENGOT-EN20/
GOG-3083/ XPORT-EC-042) is currently ongoing to
further evaluate selinexor in p53 wild-type EMC.

5. ADCs

Until now, there are no studies using ADCs in
first-line treatment. An ongoing clinical study is
evaluating the investigational anti-trophoblast cell
surface antigen 2 (Trop-2) antibody-drug conjugate
sacituzumab tirumotecan (Sac-TMT; SKB264/MK-2870)
in combination with immunotherapy as first-line
maintenance therapy for patients with MMRp EMC
(NCT06952504), with enrollment initiated in May
2025.%

Summary of first-line targeted therapies and immunotherapy

The integration of immunotherapy and targeted therapies into first-line treatment has significantly improved

outcomes for patients with advanced EMC. Molecular profiling is essential for optimizing treatment selection.

Treatment selection should be guided by clinical risk and molecular classification2:

1) Low-risk and intermediate-risk disease: Surgery alone; no adjuvant immunotherapy or targeted

therapy required.

2) High-risk disease: Chemotherapy with consideration of combination of ICIs (e.g., dostarlimab,

pembrolizumab), followed by ICI maintenance, with or without radiotherapy.

3) Advanced, metastatic, or unresectable disease: Treatment should be guided primarily by MMR

status and molecular features:

MMRd tumors: ICIs (dostarlimab, pembrolizumab, or durvalumab) plus carboplatin—paclitaxel

followed by ICI maintenance.

MMRp tumors: ICIs plus carboplatin—paclitaxel followed by ICI with/without PARP inhibitor

maintenance (e.g. dostarlimab, pembrolizumab, atezolizumab, or durvalumab, durvalumab + olaparib)

« HERZ2/neu-positive tumors: Carboplatin—paclitaxel plus trastuzumab, followed by trastuzumab

maintenance.

pb53-abnormal tumors: Consider bevacizumab-containing regimens.

« TP53 wild-type tumors: Consider XPO1 inhibitors (Selinexor) as maintenance therapy.

Ongoing trials investigating novel combinations and biomarkers will further refine personalized therapeutic

strategies in this disease.
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II. Second-line targeted therapies and immunotherapy
in EMC patients

Immunotherapy is now recognized as the standard
first-line treatment for patients with EMC, and its
utilization continues to increase. The role of these
agents in patients with recurrent or progressive disease
as second-line treatment had also been studied.
Single-agent ICIs are effective in MSI-H/MMRd tumors,
while the combination of pembrolizumab and lenvatinib
has become a standard option for MMR-proficient
disease after platinum failure. The indication for such
therapy, however, should be reconsidered in the
context of the patient’s prior first-line treatment, which
will be discussed in subsequent sections.

Patients with no prior immunotherapy

Whenever feasible, debulking of newly developed
lesions or biopsy is recommended to reassess the
current microenvironment tumor. In cases where
re-biopsy is not possible, archival primary tumor tissue
or prior pathological results may serve as alternative
sources to guide treatment selection. Table 2 shows
specific therapeutic agents and corresponding clinical
studies and are detailed below.

1. ICIs monotherapy

1.1 Pembrolizumab (KEYNOTE-158)

This was a phase II trial involving multiple types
of solid tumors in patients who had previously received
at least one line of chemotherapy. Participants were
administered pembrolizumab (200 mg intravenously
every 3 weeks) and continued treatment until disease
progression or completion of a maximum of 35 cycles.
The key findings related to EMC are as follows:

1) KEYNOTE-158 (Cohort D, K)

The cohorts relevant to EMC included Cohort
D (EMC) and Cohort K Data from 94 patients with
advanced or recurrent EMC from Cohorts D (EMC)
and Cohort K (Other Advanced Solid Tumors, excluding
Colorectal Cancer, with MSI-H status) with MMRd or
MSI-H tumors, and 96 patients from Cohort D with
MMRp/MSS tumors.”*”? The two groups were not
directly compared. The results demonstrated the
efficacy of pembrolizumab in patients with advanced
or recurrent EMC who were positive for MMRd protein
or MSI-H following disease progression after prior
chemotherapy, and who are not candidates for cura-
tive treatment with surgery or radiation. The ORR was
50%, with a median PFS of 13.1 months and a me-
dian OS of 65.4 months among those with MMRd/
MSI-H group, and 7%, with a median PFS of 2.1

J Med Urban Health 2026;70(1):e7174

months, and a median OS of 11.1 months among those
with MMRp/MSS group.

Adverse events of Grade 3 or higher were
observed in 14% of the MSI-H/MMRd population, with
no incidence of Grade 5 adverse events.

2) KEYNOTE-158 high tumor mutational burden
(TMB-high) subgroup

This prespecified analysis used data from 1,066
solid tumors in patients with progressive disease from
prior treatment, comprising 102 with high tumor
mutational burden (TMB-high) and 688 with non-TMB-
high.”® This included 15 TMB-high and 67 non-TMB-high
EMC patients.

The study showed TMB-high cancers had a
favorable ORR to pembrolizumab (29%) compared to
the non-TMB-high group (6%). However, no statistical
comparison was made. Adverse events of Grade 3 or
higher were observed in 13% and Grade 5 in 1% of
the total population.

1.2 Dostarlimab (GARNET trial)

This phase I/II trial included patients with
advanced or recurrent EMC who had previously
received at least one platinum-containing chemotherapy
regimen.”’ A total of 314 patients were enrolled (161
patients in the MMRp/MSS group and 153 patients in
the MMRd/MSI-H group). Patients were treated with
Dostarlimab (500 mg intravenously (IV) every 3 weeks
for 4 cycles, followed by 1000 mg IV every 6 weeks)
and continued treatment until disease progression.
The ORR were 45.5% for MMR/MSI-H group and
15.4% for MMRp/MSS group.

Adverse events of Grade 3 or higher were
observed in 17.6% of the MMRd/MSI-H group and
20.5% of the MMRp/MSS group. No incidence of
Grade 5 adverse events was reported.

2. Tyrosine kinase inhibitor monotherapy
(Lenvatinib)

This phase II trial investigated Lenvatinib in
133 patients with advanced or recurrent EMC who
had previously received at least one platinum-containing
chemotherapy regimen.’” Patients in the study
received Lenvatinib at a dose of 24 mg orally once
daily. The ORR for the entire study population was
14.3%, showing little difference between the
endometrioid subtype (15%) and the non-endometrioid
subtype (14%). Key efficacy metrics included a
duration of response lasting greater than or equal to
23 weeks in 37.6% of patients, a mean PFS of 5.6
months, and a median OS of 10.6 months. Regarding
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Table 2 Studies Evaluating ICIs, Antibody-Drug Conjugates, and Targeted Therapies as Second-Line or Later

Treatment for EMC

Patient .
Biomarker

Outcome (study +/- control)

Study (ref) (all had advanced or Treatment (PFS and OS presented as median
status o .
recurrent EC) unless specified otherwise)
KEYNOTE-158 N = 94 MMRd/ Pembro 200 mg Q3W up MMRd:
(Phase II1)**% progressed after MSI-H to 35 cycles ORR 50% (95% CI, 40-61)
standard Rx PFS 13.1 m (95% CI, 4.3-25.7)
OS 65.4 m (95% CI, 29.5-NR)
N = 1066 TMB-high Pembro 200 mg Q3W up  TMB-high:
to 35 cycles ORR 29% (95% CI, 21-39)
GARNET N = 314 MMRd/ Dos 500 mg Q3W x 4 MMRp/MSS:
(Phase I/11)* progressed after MMRp cycles then 1000 mg ORR 15.4% (95% CI, 10.1-22)
standard Rx Q6W until PD MMRd/MSI-H:
ORR 45.5% (95% CI, 37.1-54)
Vergote et al. N = 133 All Lenva 24 mg OD in a ORR 14.3% (95% CI: 8.8-21.4)
(Phase II)* prior 1 platinum-based  population 28-day cycle SD: > 23 weeks: 23.3%
CT Clinical benefit: 37.6%
(95% CI: 29.3-46.4)
PFS: 5.6 m (95% CI: 3.7-6.3)
OS: 10.6 m (95% CI: 8.9-14.9)
Study 309/ N = 827 MMRd/ Pembro 200 mg Q3W + MMRp:
KEYNOTE-775 prior > 1 MMRp Lenva 20 mg QD until PD PFS 6.7 vs. 3.8 m; HR 0.60
(Phase III)* platinum-based CT (Pembro up to 35 cycles) (95% CI, 0.50-0.72)
Doxo 60 mg/m2 q 3 OS 18.0 vs. 12.2 m; HR 0.70
weeks, or paclitaxel 80 (95% CI, 0.58-0.83)
mg mg/m2 IV g wk ORR 32.4% vs. 15.1%
(1 week off) All comers:
PFS 7.3 vs. 3.8 m; HR 0.56
(95% CI, 0.48-0.66)
OS 18.7 vs. 11.9 m; HR 0.65
(95% CI, 0.55-0.77)
ORR 33.8% vs. 14.7%
MMRd:
PFS 10.7 vs. 3.7 m; HR 0.39
(95% CI, 0.25-0.60)
OS 31.9 vs. 8.6 m; HR 0.43
(95% CI, 0.28-0.68)
DESTINY- N= 267 HER2 IHC Trastuzumab deruxtecan EMC:
PanTumor02 prior > 1 systemic 5.4 mg/kg Q3W until PD ORR 57.5% (95% CI, 40.9-73.0)
(Phase 1I)* treatment or no PFS 11.1 m (95% CI, 7.1-NR)

satisfactory alternative
options

All cancersFer:
ORR 37.1% (95% CI, 31.3-43.2)
PFS 6.9 m (95% CI, 5.6-8)

Abbreviations: 1L, first-line; 2L, second-line; Bev, bevacizumab; CI, confidence interval; CMT, chemotherapy; CS, carcinosarcoma;
Dos, dostarlimab; HR, hazard ratio; Lenva, lenvatinib; MMRd, mismatched repair deficient; MMRp, mismatched repair proficient; MSI-H,
high microsatellite instability; MSS, microsatellite stable; NR, not reached; ORR, overall response rate; OS, overall survival; p53wt, p53 wild
type; Pembro, pembrolizumab; PD, progressive disease; PFS, progression-free survival; TMB, tumor mutational burden

safety, a high incidence of adverse events of Grade
3 or higher occurring in 59% of patients were reported.

3. ICIs combination with tyrosine kinase
inhibitor

3.1 Pembrolizumab and lenvatinib (Study 309
/ KEYNOTE-775)

This phase III trial randomized 827 patients
with advanced or recurrent EMC, previously treated

10 J Med Urban Health 2026;70(1):e7174

with at least one platinum-based chemotherapy regimen,
in a 1:1 ratio to receive either Lenvatinib (20 mg
orally once daily) plus Pembrolizumab (200 mg IV
every 3 weeks, up to 35 cycles) vs. investigator's
choice chemotherapy (Doxorubicin or Paclitaxel).”
The study found that patients treated with
Lenvatinib combined with Pembrolizumab showed
superior efficacy over chemotherapy for advanced
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EMC patients previously treated with platinum. In
overall population, median PFS and OS were longer
compared to the chemotherapy group: 7.3 months vs.
3.8 months (HR = 0.56) for PFS, and 18.7 months
vs. 11.9 months (HR = 0.65) for OS across the entire
population. Among the patients with MMRp tumor,
longer PFS with Lenvatinib + Pembrolizumab (6.7
months) compared to chemotherapy (3.8 months, HR
= 0.60), and significantly longer OS (18 months vs.
12.2 months, HR = 0.70). A more substantial benefit
was demonstrated in those with MMRd tumor:
significantly longer PFS (10.7 months vs. 3.7 months,
HR = 0.39) and dramatically longer OS (31.9 months
vs. 8.6 months, HR = 0.43) with Lenvatinib +
Pembrolizumab compared to chemotherapy. Adverse
events of Grade > 3 were high in both arms, with
90.1% in the combination arm and 73.7% in the
chemotherapy arm, and Grade 5 AEs occurred in 6.4%
and 5.2%, respectively.

An exploratory analysis® in the subset of
71 patients who completed the full 35 cycles of
combination therapy and continued Lenvatinib
monotherapy after the completion of Pembrolizumab
therapy. The analysis revealed continuous treatment
provided sustained clinical benefit. For the entire
cohort (30 MMRp and 41 MMRd patients), median
PFS was 34.1 months, with 2-year and 3-year PFS of
68.3% and 49.3% respectively. The corresponding
2-year and 3-year OS rates were 100% and 89%.
The benefit was also demonstrated among the patients
with MMRp tumor: median PFS was 34.1 months,
with 2-year and 3-year PFS of 66.7% and 46.2%
respectively. The corresponding 2-year and 3-year OS
were 100% and 84.3%. However, the safety profile
showed that Grade > 3 AEs occurred in 80.5% of
the total patients who continued Lenvatinib monotherapy.
This exploratory data supports the concept of ongoing
clinical benefit when continuing Lenvatinib.

4. ADCs

4.1 DESTINY-PanTumor 02

This phase II trial evaluated trastuzumab
deruxtecan (T-DXd) in 267 patients, including 40
EMC patients, with HER2-expressing solid tumors
(according to 2016 CAP/ASCP/ACSO guidelines for
HER2 scoring in gastric cancer) who had received at
least one prior chemotherapy regimen.’® Patients
received T-DXd at a dose of 5.4 mg/kg intravenously
every 3 weeks until disease progression was detected.

The study demonstrated a favorable ORR

J Med Urban Health 2026;70(1):e7174

across all solid tumors with HER2 expression
(immunohistochemistry (IHC) 3+/2+), with particularly
high benefit observed in endometrial, ovarian, cervical,
bladder, and biliary tract cancers. Across all solid
tumor types, the ORR was 37.1%, and the median
PFS was 6.9 months. In the EMC group, the ORR
was 57.5%. Specifically, within this population, the
ORR for HER2 IHC 3+ patients was 84.6%, and the
median PFS was 11.1 months.

Regarding safety, the incidence of Grade > 3
adverse events was 40.8% of the total population.
An adverse event of special interest was interstitial
lung disease or pneumonitis, which occurred in 10.5%
of all patients, with a 1.1% incidence of death related
to this adverse event.

4.2 Other ADCs

Clinical activity has also been reported with
other Trop-2 ADCs. Datopotamab deruxtecan (Dato-DXd)
demonstrated antitumor activity in patients with
advanced solid tumors, including EMC, in the phase
IT TROPION-PanTumor03 study.36 In addition,
sacituzumab govitecan showed clinical efficacy in
heavily pretreated EMC in the phase II basket trial
TROPiCS-03.”'

Ongoing phase III trials are expected to
further define the role of Trop-2 ADCs in this disease,
including the ASCENT-GYN-01 study evaluating
sacituzumab govitecan (NCT06486441) and trials
investigating sacituzumab tirumotecan (MK-2870), such
as MK-2870-020/TroFuse-020/GOG-3101/ENGOT-cx20
(NCT06459180).

5. Targeted therapies combined with
hormonal treatments

Other treatment approaches in EMC include
an emerging subgroup of ER-positive disease, which
may be amenable to hormonal therapy. Although
hormonal treatments are not the primary focus of this
review, several phase II studies have explored the
combination of endocrine therapy with targeted agents.
In the randomized phase II PALEO trial, the cyclin
D kinase 4 (CDK4)/6 inhibitor palbociclib combined
with endocrine therapy was evaluated in patients
with ER-positive endometrioid EMC that was either
primary metastatic or relapsed after at least one
prior systemic therapy. With a median follow-up of
21.9 months, the median PFS was 8.3 months in the
combination arm compared with 3.1 months with
endocrine therapy alone.”

Similarly, a single-arm phase II study evaluated
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abemaciclib plus letrozole in recurrent ER-positive EMC,
demonstrating an ORR of 30% and a median PFS
of 9.1 months.”® In addition to CDK4/6 inhibition,
targeting the PI3K pathway has also been explored.
A phase II study combining the mTOR inhibitor
everolimus with letrozole reported an ORR of 32%,
with particularly favorable responses observed in
patients with endometrioid histology and catenin beta
1 mutations.

Despite these encouraging results, there remains
a clear need for phase III validation to define the
role of combined hormonal and targeted therapies in
EMC, particularly in the context of evolving treatment
paradigms and increasing incorporation of molecular
classification into clinical decision-making.
Patients with prior immunotherapy

The hypothesized mechanisms of resistance to
immunotherapy include genetic alterations, such as
beta-2 microglobulin or Janus kinases1/2, changes in
the tumor microenvironment characterized by increased
vascular endothelial growth factor (VEGF) activity,
and an escalation of T-cell inhibitory pathways.

Treatment strategies to address immunotherapy
resistance include the use of new agents, such as
Werner syndrome helicase (WRN) inhibitors, which
are designed to exploit the vulnerability of MMRd
cancer cells by inhibiting the WRN protein (crucial for
DNA repair), leading to an accumulation of DNA
damage and replication stress, while MSS cells are

not sensitive to this effect. Other strategies involve
combination therapies (ICI + others), such as
combining a PD-1 inhibitor with an anti-VEGF agent
or a PARP inhibitor, using dual checkpoint blockade,
or performing immunotherapy re-challenge (re-use of
the same ICI), especially if the patient previously
responded well and treatment was discontinued for
more than 6 months."’

Clinical evidence for rechallenge comes from
two retrospective studies. One report involved 8
patients with advanced MMRd EMC who progressed
after first-line Pembrolizumab, where second-line
treatment with Pembrolizumab plus Lenvatinib achieved
an ORR of 75% (CR 12.5%, PR 62.5%).*> Another
study of 11 EMC patients (8 MMRd, 3 MMRp)
previously treated with an ICI showed an ORR of
54.6% when given a second-line ICI-based regimen.”’

Despite these encouraging efficacy signals,
safety data for second-line immunotherapy after prior
ICI remains limited, as studies on rechallenge have
reported severe (grade 3-4) immune-related adverse
events, including endocrine AEs and colitis.
Consequently, implementing immunotherapy in this
patient cohort requires careful consideration of the
current limitations in the existing literature. Treatment
initiation should be guided by a thorough, individualized
assessment of each patient’'s risk-benefit profile,
ideally taking into account putative biomarkers which
predict responsiveness to immunotherapy rechallenge.

Summary of second-line targeted therapies, immunotherapy, and ADCs

Treatment is tailored according to molecular features; hence, molecular study should be performed if not

prior available.

+ MSI-H/MMRd: Consider ICIs e.g. Dostarlimab, Pembrolizumab

« TMB-H: Consider ICI (Pembrolizumab)

« MMRp: Consider Pembrolizumab and Lenvatinib

« HER2 (IHC 3+): Consider HER2-directed ADC i.e. Trastuzumab deruxtecan
To date, no solid evidence from clinical trial to test the role of immunotherapy rechallenge.

CONCLUSION

Systemic therapy for EMC has evolved from uniform
chemotherapy to a precision-based approach integrating
targeted agents, immunotherapy, PARP inhibitors,
tyrosine kinase inhibitors, and ADCs. Molecular
classification now underpins therapeutic decision-making
and has led to substantial improvements in outcomes
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for patients with advanced disease. Continued
translational research and well-designed clinical trials
will further advance personalized care in this rapidly
evolving field.
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INTRODUCTION

ABSTRACT

Objective: Explore the prevalence and factors influencing the sense of meaning in
life among palliative care patients.

Materials and Methods: A mixed method study was conducted using the Meaning
in Life Questionnaire to assess the presence and search for meaning among palliative
patients. Demographic data, including age, sex, and medical history, were descriptively
analyzed. In-depth interviews were performed to explore the personal interpretations
of the meaning of life of the patients, and qualitative data was analyzed using content
analysis.

Results: A total of 107 palliative care patients participated in the study, comprising
41.1% males and 58.9% females. The findings revealed that 76.6% of the participants
reported experiencing a sense of meaning in life, which was highly individualized.
Although the concept of life’s meaning varies from person to person, commonalities
can still be observed. Through content analysis, these personal interpretations were
categorized into eight key themes: family (77.6%), occupation (21.5%), society
(15.9%), religion (11.2%), health (9.3%), finance (6.5%), education (4.7%), and
specific life issues (16.8%).

Conclusion: A sense of meaning in life is integral to the well-being of palliative
patients, and the family is the most influential factor. Holistic and person-centered
palliative care interventions must integrate spiritual and existential dimensions to
improve the quality of life of patients during their final stages.

Keywords: meaning in life, mixed methods study, palliative care, quality of life,
spirituality

within their existence. This essence serves as a potent

The elucidation of the concept of meaning in life
poses a profound intellectual challenge. Viktor Emil
Frankl, lauded as the progenitor of logotherapy, stated
in “The Unheard Cry for Meaning (1985)” that the
meaning of life is “an individual’'s response to life’s
call in a specific situation”. Moreover, he argued that
the essence of meaning in life lies in an individual’'s
subjective evaluation of elements that hold significance

motivator for life’s endeavors, cultivating mental
fortitude that acts as an essential bulwark in the
face of adversity. Of paramount importance is the
understanding that meaning in life is an intensely
personal and idiosyncratic phenomenon, unique to each
individual.’

Within the palliative care domain, the concept
of spirituality has been meticulously analyzed. In this
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Studying Patients’ Meaning in Life at an Urban Palliative Care Center

context, meaning in life emerges as an intrinsic component
of spirituality.” Understanding the profound meaning
in life acts as a catalyst for the cultivation of
psychological resilience and an enhanced quality of
life.® Consequently, people who grasp the essence of
meaning in their lives are substantially more inclined
to enrich their existence fully and participate in a
more profound end-of-life experience. This stands in
stark contrast to those who grapple with the void left
by the absence of such understanding.”®

Urbanization has significantly altered lifestyles,
requiring people to adapt their values to fit modern
society. Rapid urban growth has introduced new
challenges and problems that affect quality of life
through physical, economic, and social changes.®
Because this study was conducted at the Siriraj
Palliative Care Center, located in Bangkok, and thus
represents an urban population, certain contextual
differences may exist when compared to rural
populations, for example, differences in access to
healthcare services, family structure, cultural values,
and social support systems. Therefore, the findings
of this study are mainly representative of patients in
an urban setting.

Since there have been limited studies in Thailand
examining the incidence and nature of meaning in life
among palliative care patients especially within
the context of urban society, this study is designed
to address this knowledge gap for the aim of
1) determining the prevalence of palliative care patients
who have found meaning in their lives and 2) exploring
the various ways in which each individual understands
this deeply personal aspect of life. Based on consultations
with experts in palliative care, we hypothesize that
approximately 50% of this patient population derive
meaning primarily through family, socioeconomic status,
or education. We hope that this understanding will
help healthcare teams provide personalized support
and guidance, assisting patients in finding peace and
dignity as they near the end of their lives. Additionally,
the detailed findings about meaning in life can serve
as a helpful guide for others who are still searching
for their own sense of purpose and significance.

METERIALS AND METHODS

This study used a convergent parallel mixed methods
design, integrating quantitative and qualitative
methodologies to comprehensively explore meaning in
life among palliative patients. Conducted at Siriraj

2 J Med Urban Health 2026;70(1):e7153

Palliative Care Center between September 2021 and
September 2022, the research was approved by the
Institutional Review Board of Siriraj Hospital, Mahidol
University (COA: Si 682/2021). Written informed
consent was obtained from all participants before data
collection.

The study focused on individuals aged 18 years
or older with medically diagnosed incurable chronic
diseases, a life expectancy of one year or less, and
good communication skills, which means the ability to
understand the meaning of others and to express
one’s own thoughts and feelings clearly to ensure
meaningful participation. The research was conducted
in a hospital-based palliative care center in an urban
setting, where patients received comprehensive
palliative care services. These services included
outpatient and inpatient care, ward consultations,
and home visits, all provided by a multidisciplinary
team comprising palliative care specialists, nurses,
psychologists, music therapists, and traditional Thai
medicine practitioners. The care was delivered in
accordance with established standards, integrating
both clinical expertise and holistic approaches which
may differ from rural settings where services
are often incomplete, for example, the absence of
a dedicated palliative care ward or the lack of
specialist physicians and a multidisciplinary care team.

Based on expert estimates that approximately
50% of patients in this population have a profound
understanding of life’s meaning, the sample size was
determined using a 95% confidence level with an
acceptable error margin of 0.1. Accounting for a 10%
safety margin for potential participant attrition, the
final required sample size was 107 individuals.

This study integrated quantitative survey data
and qualitative interview data to provide a holistic
understanding of patients’ experiences. The quantitative
component used the Meaning in Life Questionnaire
(MLQ), originally developed by Steger et al., to assess
two dimensions of meaning in life: (1) Presence of
Meaning, the extent to which individuals perceive their
lives as meaningful and (2) Search for Meaning, the
extent to which individuals actively seek meaning in
life. The MLQ is a 10-item self-report instrument scored
on a 7-point Likert scale (ranging from 1 = ‘Absolutely
Untrue’ to 7 = ‘Absolutely True’). It has been
validated in more than 30 languages, including
Thai,” demonstrating high reliability (o = 0.75),
discrimination values ranging from 0.39 to 0.73, and
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strong convergent validity with other psychological
measures. A total score greater than 25 on the
presence of meaning subscale is considered indicative
of having meaning in life.”

To complement the survey data, semi-structured
in-depth interviews were conducted. These interviews
included all 10 items from the MLQ, supplemented by
open-ended questions about what ‘meaning in life’
personally means to the participants, and asked them
to rank the importance of each aspect. The aim was
to explore participants’ personal interpretations and
experiences regarding meaning in life.

The interviews were recorded on audio tape,
transcribed verbatim, and analyzed using thematic
content analysis. Two independent researchers (XX
and YY) systematically coded the interview transcripts.
Any discrepancies in coding were resolved through
discussion until consensus was reached, with a third
senior researcher available for adjudication if necessary.
Manual coding was performed without the use of
specialized qualitative software.

Quantitative data were analyzed using descriptive
statistics, including frequencies and percentages, to
describe the prevalence and distribution of variables.
All statistical analyses were conducted using IBM
SPSS Statistics, version 28. This process ensured
methodological rigor and enhanced the credibility of
both quantitative and qualitative findings.

RESULTS
In this study, 107 palliative patients were examined
using both quantitative and qualitative methods. The
patient population consisted of 41.1% men and 58.9%
women, with a mean age of 61 years. and diagnosed
with cancer (98.1%). Most participants had a Palliative
Performance Scale score of 40-60 (59.8%). Socioeconomic
issues were relatively uncommon, with the majority
reporting no problems (72.9%); however, financial
burden (17.8%) was the most frequently reported
issue. Regarding occupation, participants were diverse,
with the largest groups being private business owners
(20.6%) and contract workers (17.8%), while 13.1%
were government officers and 14.0% retired. The
majority practiced Buddhism (98.1%), with a small
proportion identifying as Muslim (1.9%). Details are
presented in Table 1.

Table 2 presents the descriptive statistics of
each item of the Meaning in Life Questionnaire (MLQ)
items. The mean scores and standard deviations are

J Med Urban Health 2026;70(1):e7153

Table 1 Demographic Characteristics of Participants
(n =107)
Variable Category Number %
Gender
Male 44 411
Female 63 58.9
Age
22-60 years 49 45.8
61-89 years 58 54.2
Diagnosis
Cancer 105 98.1
Non-cancer 2 1.9
Palliative Performance Scale (PPS score)
Group 1 (10-30) 18 16.8
Group 2 (40-60) 64 59.8
Group 3 (70-100) 25 234
Socioeconomic Issues
Caregiver burden 3 2.8
Family conflict 3 2.8
Financial burden 19 17.8
No caregiver 3 2.8
Multiple problems 1 0.9
None 78 72.9
Occupation
Government officer 14 13.1
State enterprise 3 2.8
employee
Private employee 6 5.6
Private business 22 20.6
Retired 15 14.0
Farmer/Gardener 5 4.7
Freelancer 3 2.8
Contract worker 19 17.8
Student 1 0.9
Housewife 7 6.5
None/Unemployed 12 1.2
Religion
Buddhism 105 98.1
Islam 2 1.9
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Table 2 Descriptive Statistics of Each Meaning in Life Questionnaire (MLQ) Items (n = 107)

Items Mean SD

1. I understand my life’s meaning. 5.89 1.57
2. 1 am looking for something that makes my life feel meaningful. 3.27 2.33
3. I am always searching for something that makes my life feel significant. 3.21 2.25
4. 1 have a good sense of what makes my life meaningful. 6.08 1.35
5. T have discovered a satisfying life purpose. 5.69 1.63
6. My life has a clear sense of purpose. 5.27 2.06
7. I am searching for meaning in my life. 3.23 2.36
8. I am seeking a purpose or mission for my life. 3.05 2.32
9. My life has no clear purpose. (reverse coded) 5.12 2.03
10. T am always looking to find my life’'s purpose. 3.45 2.10

Abbreviation: SD, standard deviation

reported to reflect the degree of agreement with each
statement among participants. Higher mean scores
indicate stronger agreement, whereas larger standard
deviations reflect greater variability in responses.

Among the participants, 76.6% reported
experiencing a profound sense of meaning in life,
while 23.4% did not report a significant sense of
meaning. The highest mean score was observed for
the item “I have a good sense of what makes my
life meaningful” (M = 6.08, SD = 1.35), suggesting
that most participants were able to clearly identify
factors that make their lives meaningful. Similarly,
items related to presence of meaning, such as “I have
discovered a satisfying life purpose” (M = 5.69, SD
= 1.63) and “My life has a clear sense of purpose”
(M =5.27, SD = 2.06), also demonstrated high scores.
This suggests that a majority of palliative patients find
meaning in their lives despite their terminal illness.
When examining the desire to seek meaning, the data
indicated that 68.2% of the participants did not
express a desire to actively search for meaning.
However, 31.8% of the participants indicated
an ongoing interest in seeking deeper meaning,
demonstrating a dynamic relationship between the
presence of meaning and the active pursuit of purpose,
even at the end of life.

Qualitative analysis, which involved content
analysis of in-depth interviews, uncovered eight major
themes that were central to the patients’ sense of

4 J Med Urban Health 2026;70(1):e7153

meaning in life. Illustrative dialogues for each theme
are presented in Table 3. These themes were as
follows: Family: 77.6% of the participants identified
family as a significant source of meaning, emphasizing
the importance of taking care of loved ones, nurturing
family bonds and ensuring family members’ happiness
and wellbeing. Occupation: 21.5% of the participants
highlighted their work, professional life, or past
occupation as an important source of meaning.
For some, the act of providing for others, pursuing
meaningful careers, or continuing to contribute to their
work until the end of life was significant. Society:
15.9% of the participants derived meaning from social
connections and the role they played in society. This
included participating in community activities, helping
others, and feeling a sense of belonging. Religion:
11.2% of the patients placed importance on spiritual
and religious practices, including prayer, attending
religious services, and seeking comfort in their faith
during their illness. Health: 9.3% of the patients
expressed that their health, or the effort to maintain
it, was an important factor in the meaning of their
lives, emphasizing the significance of physical well-
being and self-care. Financial aspects: 6.5% of the
patients identified financial stability as a key concern,
with thoughts of ensuring the financial security of
their families or dealing with the financial challenges
posed by their illness. Education: 4.7% noted that
education, either through their own experiences or
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Table 3 Examples of Participants’ Dialogues across Different Groups

Theme % Example Dialogues

Family 77.6

Ensuring that family members live together happily and enjoy a good quality of life.

Spending time with family members.

Occupation 21.5

Having the opportunity to do work that one loves.

Occupying a managerial or supervisory role.

Society 15.9 Doing good deeds and not causing trouble or harm to others in society.
Having the opportunity to give back to and help the community.
Religion 11.2 Practicing Dharma, chanting, and observing moral precepts.
Understanding the principles of birth, aging, sickness, and death.
Health 9.3 Having a healthy body, being able to take care of oneself, and not being a burden to others.
Regaining the ability to walk.
Financial 6.5 Having enough money, living comfortably, and being debt-free.
Building wealth and achieving a lifestyle that includes owning a house and a car.
Education 4.7 Pursuing further studies in philosophy.

Continuously seeking knowledge and pursuing further education in fields of personal interest.

Specific issues 16.8

Having the opportunity to travel to various places.

Sharing life experiences and teaching others to help them avoid wasting time.

Multiple responses allowed.

through the education of their children, provided a
source of meaning and fulfillment. Specific Personal
Concerns: 16.8% of the participants identified
personal life experiences or challenges, such as
overcoming adversity, savoring simple pleasures like
good food, or reflecting on the impact of their lives
on others. These themes were expressed differently
between individuals, highlighting the personal and
individualized nature of meaning.

Family was by far the most frequently mentioned
and emotional theme, indicating that the connections
people share with their loved ones remain a core
source of meaning even in the face of terminal illness.
Through the combination of survey data and in-depth
qualitative insights, this study presents a multifaceted
understanding of meaning in life among palliative
patients, providing valuable insight into how they
derive purpose and significance from different aspects
of their lives.

DISCUSSION
Palliative care plays a vital role in improving the quality
of life for patients facing life-threatening illnesses,

J Med Urban Health 2026;70(1):e7153

not only by addressing their physical symptoms but also
by recognizing and responding to their psychological,

. .. 9,10
social, and spiritual needs.”

It is especially important
for individuals dealing with advanced incurable
conditions, where existential and spiritual distress
may emerge, making the understanding of life's
meaning crucial to their emotional and psychological

" This study underscores the significance

resilience.
of spirituality in the context of palliative care,
demonstrating its association with improved resilience,
quality of life, and better coping mechanisms in
patients near the end of life.

The findings of this study align with prior
research that has explored the connection between
spirituality and the concept of meaning in life. A robust
sense of purpose has been shown to be protective
against mental and emotional distress, including
feelings of hopelessness, depression, and anxiety.""”
Furthermore, the presence of meaning in life among
patients receiving palliative care is often related to
the preservation of interpersonal relationships and a
sense of belonging to a social or family unit."® Our

study confirms that a significant portion of palliative

https://doi.org/10.62691/jmuh.2026.7153 5

)
=
)
Q
e
Z
>
=
>
=
!
e
@)
-
=



https://doi.org/10.62691/jmuh.2026.7153

=
-
o
o
[
=
<
-
<
4
—
&)
i
e
=)

Studying Patients’ Meaning in Life at an Urban Palliative Care Center

patients in the Siriraj Palliative Care Center expressed
having a profound sense of meaning, with family
relationships emerging as a central theme. This finding
reflects the broader literature, which highlights the
importance of familial bonds as a source of meaning in
life, particularly during the final stages of existence.”"®
The role of family within an urban context, as shown
in our findings, is consistent with previous research
indicating that elderly individuals living in urban areas
often define their purpose in life through maintaining
physical and mental health to remain self-dependent,
witnessing the success of the younger generation,
and living in a way that benefits others.”” However,
this study differs in terms of its target population.
Other study explained that this is because family
significantly influences the sense of meaning in life,
exerting both a direct effect on one’s life meaning
and an indirect effect through positive personality
traits. Personality is associated with the sense of
meaning in life, and this personality is fundamentally
shaped by the family as one’s initial life environment.”
Moreover, one study from Philippines found that
meaning in life had also moderate positive correlations
with family closeness.”

Data from this study further illustrate that not
all patients actively search for meaning in their lives,
with 31.8% expressing a desire for it. This finding
resonates with existing research suggesting that while
some patients are actively engaged in spiritual or
existential quests, others may find themselves in a
state of resignation or lack of interest, especially in
the face of physical decline and imminent mortality.”
As revealed in the qualitative analysis, the sources of
meaning for palliative patients are deeply personal
and vary significantly from individual to individual.
For some, occupation, health, and societal roles play
central roles, while others may find meaning in religious
or spiritual practices.”"™*"®

Our study also reflects the findings of
cross-cultural studies, where differences in perceived
meaning of life were associated with various cultural,

1% These studies

educational and psychosocial factors.
demonstrate that meaning in life can be influenced
by individual circumstances, such as the level of
education, marital status, and even psychological
distress caused by illness. Our findings confirm that
the pursuit of meaning is not universal but is shaped
by personal experiences and external circumstances.

Ultimately, our study reaffirms the critical role

6 J Med Urban Health 2026;70(1):e7153

of meaning in life within the scope of palliative care.
By recognizing the multifaceted and deeply personal
nature of meaning, healthcare providers can offer more
personalized care, ensuring that the spiritual and
emotional needs of patients are addressed.

However, this scholarly inquiry, by the dint of
its design and scope, has limitations. First, the
inclusion criteria that circumscribed the participation
of palliative patients may limit the generalizability of
the findings to the broader population of individuals
receiving palliative care. Moreover, the evidentiary
foundation upon which this study rests emanates from
a subset of patients who were capable of communication
and self-reflection, potentially excluding those with
cognitive impairments or more severe physical deterioration.
As a result, the data may not comprehensively
encapsulate the multitudinous facets of the existential
spectrum encountered by all palliative patients.
It is incumbent upon stakeholders to recognize these
limitations while striving to optimize the pertinence and
contributions of this research effort. Future studies
should aim to include a more diverse range of patient
profiles and care settings to enrich the understanding
of meaning-making in end-of-life care.

CONCLUSION

Meaning in life is an important factor in the spiritual
dimension and associated with enhancing people’s
quality of life. This study represents an urban population.
It was observed that a significant proportion of
patients reported experiencing a sense of meaning in
life, primarily derived from family relationships. Other
sources of life meaning such as occupation, society,
religion, health, finance, and education were reported
in declining frequency.
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INTRODUCTION

ABSTRACT

Objective: This study evaluated and compared the utility of mitotic count and
Ki-67 index in distinguishing benign and malignant salivary gland tumors. The
primary objective was to identify optimal cut-off points for these proliferative
indices to help guide diagnosis and avoid overtreatment in cases where definitive
histomorphology is challenging, especially in small biopsy specimens.

Materials and Methods: A total of 88 salivary gland tumor specimens were
evaluated, including 56 benign and 32 malignant cases. Mitotic count and Ki-67
index were quantified for all cases. The diagnostic performance of each marker
was assessed by determining sensitivity, specificity, the area under the receiver
operating characteristic curve and the Area Under the Curve (AUC).

Results: Benign tumors exhibited consistently low mitotic counts (average < 1)
and Ki-67 indices (average < 2.00%). In contrast, malignant tumors showed
significantly higher values. A mitotic count > 2 and a Ki-67 index > 5.00% were
determined as optimal cut-off points. The Ki-67 index (AUC = 0.76) demonstrated
a higher sensitivity (68.80%) than the mitotic count (50.00%), performing
slightly better than the mitotic count (AUC = 0.73).

Conclusion: Diagnosing benign and malignant salivary gland tumors based on
morphology alone in small biopsies can be challenging. A mitotic count > 2
and a Ki-67 index > 5.00% are linked with malignancy, and these proliferation
markers serve as valuable adjuncts to improve diagnostic accuracy and
guide appropriate patient management. This approach is particularly useful in
preventing overtreatment.

Keywords: benign and malignant salivary gland tumors, Ki-67 index, mitotic count

salivary gland tumors (MSGTs) are relatively rare, with

Salivary gland masses encompass a wide variety of
tumor types, ranging from benign to malignant
neoplasms. Tumors of the parotid gland are the most
common, with an estimated annual incidence of 1-3
cases per 100,000 individuals. The majority of these
are benign neoplasms (77.00-80.00%), with pleomorphic
adenoma (PA) being the most frequent. Malignant

an incidence of approximately 1-2 cases per 100,000
per year, accounting for about 20.00-30.00% of all

" In certain Asian

salivary gland tumors globally.
populations, including Thailand, the incidence may be
slightly lower, with MSGTs representing only 2.00-

3.00% of all head and neck neoplasms.’
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Despite their lower incidence, MSGTs are
associated with poorer clinical outcomes, including a
higher risk of local recurrence and distant metastasis,
necessitating aggressive treatment such as extensive
surgical resection and adjuvant radiotherapy.” These
interventions can significantly impair patient quality of
life, particularly when complications such as facial nerve
injury occur in parotid gland surgery.” Therefore, accurate
and early diagnosis is essential for appropriate therapeutic
management and optimizing clinical outcomes.

A significant diagnostic challenge in salivary
gland pathology lies in the limited nature of small
biopsy specimens. These procedures often obtain only
a small and potentially unrepresentative portion of the
lesion, which is problematic when distinguishing
between benign and malignant tumors due to their
overlapping morphological features. For instance, benign
tumors like myoepithelioma and basal cell adenoma
(BCA) can closely resemble their malignant counterparts,
such as myoepithelial carcinoma (MC), basal cell
adenocarcinoma (BCAC), epithelial-myoepithelial
carcinoma (EMC), and adenoid cystic carcinoma (AdCC).
Even salivary duct carcinoma (SDC) or carcinoma (Ca)
ex PA in its intraductal phase may be difficult to
distinguish from benign apocrine metaplasia in PA.

Although molecular diagnostics, such as the
identification of HMGA2 or PLAG1 alterations, can be
helpful, their routine application is often limited
by cost, technical availability, and the absence of
specific molecular signatures in many salivary gland
tumors.® This has led to a growing interest in
identifying adjunctive histopathologic markers that are
both practical and informative in routine diagnostics.

The Ki-67 index is one such marker, commonly
used as an indicator of cellular proliferation, as it is
a nuclear protein expressed during all active phases
of the cell cycle. Its expression is most closely
associated with the mitotic phase. Due to its short
half-life, the Ki-67 index provides a more accurate
representation of active proliferation, minimizing
residual staining once cells exit the proliferative cycle.’
In parallel, mitotic count, which quantifies mitotic
figures per 10 high-power fields or 2 mm?, remains
a standard but underutilized method for assessing
proliferative activity.'

Despite the widespread use of the Ki-67
index in other tumor systems, comparative studies
evaluating the mitotic count and Ki-67 index across
various salivary gland tumors remain limited. Moreover,

2 J Med Urban Health 2026:70(1):e7148

a universally accepted Ki-67 cut-off value to differentiate
between benign and malignant salivary gland neoplasms
is lacking. This study aimed to address these limitations
by evaluating and comparing the Ki-67 index and
mitotic count across a spectrum of benign and MSGTs
to determine their average values, assess their
diagnostic utility, and explore potential cut-off points.
The ultimate goal is to enhance diagnostic accuracy
in small biopsy specimens and support clinical
decision-making, particularly in cases where definitive
molecular testing is unavailable.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of the Institute of Pathology under the ethical
approval number IOP-KM-R66-005, and the requirement
for informed consent was waived due to the
retrospective nature of the analysis.

Cases of benign and MSGTs were retrieved
from formalin-fixed, paraffin-embedded (FFPE) tissue
blocks archived at the Institute of Pathology, Ministry
of Public Health, Bangkok, Thailand. All specimens
were fixed in 10.00% neutral buffered formalin,
processed, and embedded in paraffin. These specimens,
including punch biopsies, needle biopsies, excisions,
and surgical resections, were collected between 2017
and 2023. Due to the rarity of MSGTs, all 32 available
malignant cases were included, consisting of 4 cases
of Ca ex PA, 4 cases of low-grade Mucoepidermoid
carcinoma (MEC), 4 cases of MC, 1 case of BCAC,
7 cases of AdCC, 3 cases of EMC, and 9 cases
of SDC. For the benign group, a sample size was
calculated using the formula for estimating the Finite
Population Proportion to ensure statistical reliability."
The benign group included 36 cases of PA and 20
cases of BCA, totaling 56 benign salivary neoplasm
cases. Clinical variables such as patient age, gland
of origin, and disease duration were not used as
selection criteria. These clinical factors were considered
not to influence the histopathological evaluation
or the interpretation of immunohistochemical (IHC)
findings.

All specimens were sectioned, 4 micrometers
thick, and stained with hematoxylin and eosin (H&E)
as a routine process. Two pathologists independently
reviewed all tumor sections to confirm the diagnosis
in accordance with the 2024 WHO Classification of
Head and Neck Tumors under a light microscope
(Olympus BX53, Japan, field diameter 0.55 mm).
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Mitotic count was evaluated in the most
cellular regions of each tumor section, typically at
the invasive tumor front, over 10 high-power fields
or 2 mm?2, where mitotic activity is generally most
prominent and has been associated with prognostic

1214

relevance. Mitotic figures were identified and counted

based on the criteria proposed by Van Diest et al.,”"’
which define mitotic figures as cells exhibiting
condensed chromatin, absence of a nuclear membrane,
and no visible nucleolus. Structures such as apoptotic
bodies, pyknotic nuclei, and hyperchromatic but
non-mitotic nuclei were excluded. Counts were performed
independently by a resident in anatomical pathology
and a consultant pathologist. Both were blinded to
the clinical and diagnostic information. The data were
recorded based on 10 consecutive high-power fields
(HPFs, 400x magnification) under a light microscope
(Olympus BXb53, Japan, field diameter 0.55 mm),
starting from the field with the highest tumor presence.
Any discrepancies were resolved through joint review
and consensus.

For the evaluation of the Ki-67 proliferative
index, staining was performed using a mouse monoclonal
antibody against Ki-67 (clone MIB-1; Dako, Agilent
Technologies, USA) at a dilution of 1:300. IHC analysis
was performed on 4-pm-thick FFPE tissue sections
using the Leica Bond automated staining system with
Bond Polymer Refine Detection. Heat-induced epitope
retrieval was carried out using an ethylenediaminetetraacetic
acid-based buffer for 25 minutes, followed by a peroxide
block for 5 minutes. Sections were incubated with
the primary antibody for 40 minutes, followed by
treatment with a post-primary reagent (10 minutes)
and polymer (10 minutes). Detection was completed
using 3,3’-diaminobenzidine chromogen for 3 minutes,
and all slides were counterstained with hematoxylin
for 15 minutes to visualize nuclear morphology. Positive
Ki-67 expression was indicated by a brown nuclear
signal. The index was calculated as the percentage
of positively stained tumor nuclei relative to the total
number of tumor nuclei counted.”® Representative
areas demonstrating the highest tumor cellularity
(“hotspot” regions) were selected under low-power
magnification. Within these areas, 1,000 tumor cell
nuclei were manually counted at high-power magnification
(400x). The counts were performed independently
by a resident in anatomical pathology and a consultant
pathologist, blinded to diagnostic information. Any
discrepancies between observers were resolved by

J Med Urban Health 2026;70(1):e7148

consensus to ensure consistency and minimize
observer bias.

Statistical analyses were conducted using IBM
SPSS Statistics 26 software, with a significance
threshold at p-value < 0.05. The diagnostic utility of
the Ki-67 index and mitotic count was evaluated
using ROC curve analysis, a non-parametric statistical
method used to assess discriminatory performance
between benign and malignant neoplasms.

The diagnostic performance was quantified
using the AUC, which is the summary metric derived
from the ROC curve and represents the probability
that the classifier will correctly rank a randomly
chosen malignant case higher than a randomly chosen
benign case. AUC results were interpreted as follows:
AUC > 0.90 (Excellent), 0.80 < AUC < 0.90 (Good),
0.70 < AUC < 0.8 (Fair), 0.60 < AUC < 0.7 (Poor)
and 0.50 < AUC < 0.60 (Fail). AUC values greater
than 0.50 were considered meaningful, with 0.80 or

\Y

N

higher generally considered acceptable. Graphs were
generated using Program R.

RESULTS

This study analyzed the average mitotic count and
Ki-67 index across various salivary gland tumor types.
The benign group included 36 cases of PA and 20
cases of BCA. The malignant group comprised
4 cases each of Ca ex PA, low-grade MEC, and MC,
1 case of BCAC, 7 cases of AdCC, 3 cases of EMC,
and 9 cases of SDC. As shown in Table 1, benign
neoplasms, including PA and BCA, showed consistently
low Ki-67 indices (0.47% and 1.70%, respectively)
and low mitotic counts (0.44 and 0.55, respectively).
In contrast, malignant tumors demonstrated significantly
higher proliferative activity. Among the malignant
tumors, SDC had the highest average Ki-67 index
(14.38%) and mitotic count (12.13), followed by Ca
ex PA (Ki-67: 12.50%, mitotic count: 7.00). Notably,
low-grade MEC showed a high average Ki-67 index
(10.00%) but a low mitotic count (0.25). Representative
photomicrographs illustrating the typical histomorphology
and proliferative activity of a benign and a malignant
tumor in this cohort are provided in Figure 1.

To evaluate the diagnostic utility of the Ki-67
index and mitotic count, a ROC curve was constructed.
A mitotic count of > 2 yielded a sensitivity of 50.00 %
and a specificity of 91.10 % for distinguishing malignant
from benign tumors. A Ki-67 index of > 5.00%
demonstrated a higher sensitivity of 68.80% and a
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d Table 1 Average Values of the Mitotic Count and Ki-67 Index Classified by Tumor Type

= O Ve ﬁ;;()erage Ki-67 Index é;/ﬁ:ig((ep:: -:\glt::;:)

E Pleomorphic adenoma 0.47 0.44

ED Basal cell adenoma 1.70 0.55

% Myoepithelial carcinoma 5.00 2.75
Basal cell adenocarcinoma 5.00 2.00
Adenoid cystic carcinoma 5.7 214
Epithelial-myoepithelial carcinoma 8.33 7.33
Mucoepidermoid carcinoma, low grade 10.00 0.25
Carcinoma ex pleomorphic adenoma 12.50 7.00
Salivary duct carcinoma 14.38 12.13

Abbreviation: HPF, high-power field
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Figure 1 Histological features and the Ki-67 proliferative index, representative of the benign and malignant
salivary gland tumors. (A, B) Basal cell adenoma (benign). (A) Hematoxylin and eosin stain shows a biphasic
tumor morphology with no mitotic figures identified. (B) Ki-67 immunohistochemistry reveals a low proliferative
index of approximately 1.00%. (C, D) Epithelial-myoepithelial carcinoma (malignant). (C) Hematoxylin and
eosin stain shows a biphasic malignant tumor; no typical mitotic figures are present in this field. (D) Ki-67
immunohistochemistry demonstrates a significantly higher proliferative index of approximately 14.00%.
All images were captured at 20x magnification. Scale bar represents 100 pm.
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Figure 2 Receiver operating characteristic curves for the Ki-67 index (A, C) and mitotic count (B, D). Panels
(A) and (B) represent analyses including salivary duct carcinoma, whereas panels (C) and (D) represent analyses

excluding salivary duct carcinoma.

specificity of 89.30%. As presented in Table 2 and
Figure 2, the Ki-67 index consistently maintained a
higher sensitivity than the mitotic count at comparable
false positive rates, suggesting it may offer greater
utility in identifying malignant tumors.

For the Ki-67 index, the AUC was 0.76 (95%
CI: 0.64-0.88), while the mitotic count showed
a slightly lower AUC of 0.73 (95% CI: 0.61-0.85).
When SDC cases were excluded, both markers
demonstrated an AUC of 0.71. The AUC values for
both markers were above 0.70, which is considered
fair diagnostic performance, confirming their relevance
in a broad spectrum of MSGTs.

J Med Urban Health 2026;70(1):e7148

DISCUSSION

This study aimed to evaluate the use of mitotic count
and Ki-67 index as supplementary diagnostic tools for
differentiating between benign and MSGTs, especially
in cases where small biopsy specimens present a
diagnostic challenge due to overlapping features. The
results indicate that both markers have significant
value in this regard. The findings showed a clear
distinction in proliferation rates between benign and
malignant tumors. Benign tumors like PA and BCA
consistently showed low mitotic counts and Ki-67
indices. In contrast, malignant tumors such as SDC,
Ca ex PA, and MEC exhibited much higher values for
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Table 2 Sensitivity and Specificity for Mitotic Count and Ki-67 Index

Marker Sensitivity (%) Specificity (%) AUC
Overall (including SDC)
Mitotic count (> 2 ) 50.00 91.10 0.73
Ki-67 index (= 5.00%) 68.80 89.30 0.76
Overall (excluding SDC)
Mitotic count (> 2 ) 45.80 91.10 0.7
Ki-67 index (> 5.00%) 62.50 89.30 0.7

Abbreviations: AUC, area under the curve; SDC, salivary duct carcinoma

these indices. These results are consistent with
findings from a previous report in the literature'””’.

A key finding was the establishment of optimal
cut-off points: a mitotic count of > 2 and a Ki-67
index of > 5.00%. When a tumor’s proliferation markers
meet or exceed these thresholds, the likelihood of it
being benign is significantly reduced. This is particularly
important for differentiating benign tumors like
myoepithelioma and BCA from their malignant
counterparts, such as MC and BCAC. The study found
the Ki-67 index to be a slightly more sensitive
marker than the mitotic count. This was supported by
ROC curve analysis, a non-parametric method that
graphically illustrates a test's diagnostic ability
by plotting sensitivity against the false positive rate.
The Ki-67 index vyielded a slightly better AUC—
a summary measure of overall diagnostic performance
where 1.0 is a perfect test—of 0.76 (95% CI:
0.64-0.88), compared to 0.73 (95% CI: 0.61-0.85)
for the mitotic count. Since an AUC value greater
than 0.70 is considered a fair diagnostic performance,
this confirms that both markers are relevant for
a wide range of MSGTs. The use of this
non-parametric statistical method was appropriate for
this study, as the data on mitotic counts and Ki-67
indices were not normally distributed.

While these markers are valuable, they should
not be used as the sole basis for diagnosis. For
example, some malignant tumors like MEC can
have high Ki-67 indices but low mitotic counts. This
highlights the need to interpret these findings in
conjunction with other histomorphological features,
as well as with clinical data and imaging studies.
The study’s results showed that both markers, when
used together with morphological features, can

6 J Med Urban Health 2026:;70(1):e7148

significantly enhance diagnostic accuracy.

The study was also limited by its sample
size, particularly the rarity of MSGTs, which led to a
smaller number of malignant cases (32 cases). Despite
this, the study provides valuable insights into the
utility of these markers and supports their integration
into routine diagnostic practice to improve patient care
and prevent overtreatment.

CONCLUSION

Based on the study’s results, a mitotic count of > 2
and a Ki-67 index of > 5.00% are strongly linked
with MSGTs. When a tumor meets or exceeds
these thresholds, the probability of it being benign
decreases significantly. Therefore, these proliferation
markers, especially when used with morphology,
clinical findings, and imaging studies, can significantly
improve diagnostic accuracy, particularly in small
biopsy specimens where morphology alone can be
misleading.
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INTRODUCTION

ABSTRACT

Objective: Non-communicable diseases (NCDs) are a growing concern among urban
workers. This study aimed to determine the prevalence and associated factors of
abnormal health screening results among Bangkok Metropolitan Administration (BMA)
employees.

Materials and Methods: A retrospective cross-sectional study was conducted among
3,652 BMA employees who underwent a health screening at Charoenkrung Pracharak
Hospital in 2024. Data on laboratory results, chest X-rays, and behavioral risk factors
were analyzed using multivariable logistic regression.

Results: The most common abnormalities were obesity (61.8%), hyperuricemia
(32.9%), anemia (22.8%), and elevated liver enzymes (12.2%). Diabetes and
hypertension were found in 8.0% and 11.3%, respectively. Chest X-ray findings
included old pulmonary tuberculosis (4.9%) and active tuberculosis (1.5%).
Male gender and obesity were significantly associated with hypertension (odds ratio
(OR) = 2.08 and 4.75) and elevated liver enzymes (OR = 4.29 and 2.59).
Conclusion: A high burden of modifiable metabolic risk was observed among BMA
employees, reflecting the health impact of urbanized lifestyles. These findings
emphasize the importance of urban health strategies tailored to the metropolitan
workforce, including routine screenings, early interventions, and city-based wellness
initiatives that integrate lifestyle medicine into workplace settings to prevent the
long-term burden of NCDs.

Keywords: health check-up, non-communicable diseases, prevalence, urban health

and detecting early stage chronic diseases.” These

The rising prevalence of non-communicable diseases
(NCDs) poses a major challenge to health systems
worldwide. These chronic conditions including diabetes,
hypertension, dyslipidemia, and obesity account for a
significant share of the global disease burden,’
contribute to considerable losses in Disability-Adjusted
Life Years (DALYs)," and impose increasing economic
and societal costs. Routine health check-ups play a
role in prevention by identifying and controlling risks,

assessments are particularly important for urban
government employees, who often face sedentary
work, psychological stress, and irregular schedules
that heighten health risks.” In Thailand, recent national
surveys show high levels of NCD risk behaviors:
unhealthy diets (56.9%), overweight/obesity (50.0%),
physical inactivity (42.7%), alcohol consumption
(29.7%), and smoking (16.6%)." Socioeconomic
disparities also influence health behaviors, with
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Abnormal Health Screening in BMA Staff

wealthier individuals consuming more alcohol and
unhealthy foods, while smoking is more prevalent in
lower-income groups.”

The Bangkok Metropolitan Administration (BMA)
workforce plays a central role in maintaining the urban
infrastructure and delivering public services, making
their health status crucial for the efficiency of city
governance.” As Thailand becomes an aging society,
NCD-related disability and healthcare demands are
expected to increase.® In response, BMA launched
the “Healthy City for All” policy, including urban health
zoning and citywide health screening initiatives. BMA
staff, due to their urban lifestyle and work stress,
face elevated risks for both non-communicable’ and
communicable diseases, such as tuberculosis.” Thailand
mandates annual health checkups for high-risk employees,
including civil servants, aligning with national labor
regulations. According to national data, diabetes affects
8.9%, hypertension 24.7%, and obesity 37.5% of
the population.” Poor dietary habits® and physical

inactivity remain key contributors."

Charoenkrung
Pracharak Hospital has taken the lead in annual health
screenings for BMA workers across various departments
to support early detection and public health resilience

in Bangkok.

MATERIALS AND METHODS

This descriptive study aimed to assess the prevalence
of abnormal health screening results among BMA
civil servants and employees. Participants included
those who underwent annual health checkups at
Charoenkrung Pracharak Hospital between February 1
and May 31, 2024. Data were retrospectively collected
from medical records and case report forms, with all
personal identifiers anonymized for confidentiality.
Independent variables included age, sex, body mass
index (BMI), alcohol consumption, smoking, and job
characteristics. Dependent variables were abnormal
screening outcomes including NCDs (hypertension,
diabetes, and dyslipidemia), obesity (classified as:
normal BMI 18.5-22.99, overweight 23-24.99, obesity
class I 25-29.99, class II 30-34.99, and morbid
obesity > 35), and chest X-ray abnormalities. Clinical
assessments were conducted by licensed physicians.
Laboratory tests were analyzed in certified labs, and
chest X-rays interpreted by radiologists. Definitions
followed national and World Health Organization
diagnostic criteria: hypertension was defined as
systolic Blood Pressure (BP) > 140 mmHg and/or

2 J Med Urban Health 2026;70(1):e7155

diastolic BP > 90 mmHg; diabetes as fasting blood
sugar (FBS) = 126 mg/dL; hyperlipidemia as total
cholesterol > 200 mg/dL or triglycerides > 150 mg/dL;
anemia as hemoglobin <13.0 g/dL in males and < 12 g/dL
in females;'" hyperuricemia as a serum uric level
> 7 mg/dL in males and > 6 mg/dL in female;"
Elevated liver enzymes were defines as either aspartate
aminotransferase or alanine transaminase levels exceeding
the upper limit of normal set by the laboratory;"” the
estimated glomerular filtration rate (eGFR) was calculated
using the THAI eGFR equation, which has been
specifically validated for use in Thai population.”
Descriptive statistics were used for quantitative variables
and frequencies for categorical data. Associations
between behavioral factors and outcomes were tested
using multivariable logistic regression, with significance
set at p < 0.05. Statistical analysis was performed
using Statistical Package for the Social Sciences
version 26. The study received ethics approval from
the BMA'’s Ethics Review Committee (ethics certificate
No. 99, Project ID: NOO3hn/68 EXP).

RESULTS

A total of 3,652 BMA employees were screened. The
average age was 41.7 years, with 71.6% aged > 35.
Females made up 57.3%. Over 61% of employees
had a BMI in the overweight or obese range. Among
respondents, 48.9% reported alcohol use and 28.7%
had a history of smoking (Table 1).

Table 1 Demographics and Lifestyle Characteristics

Characteristics Total (n = 3,652)

Age (years); mean = SD 417 £ 10.5
Age > 35 years; n (%) 2,616 (71.6)
Gender; n (%)
Male 1,559 (42.7)
Female 2,093 (57.3)
BMI (kg/m?); mean + SD 25.1 £ 5.1
(of 3,638 respondents)
Overweight/obese; n (%) 2,249 (61.8)
(of 3,638 respondents)
Alcohol use; n (%) 860 (48.9)
(of 1,757 respondents)
Smoking history; n(%) 506 (28.7)

(of 1,762 respondents)

Abbreviations: BMI, body mass index; kg/m?® kilograms per
square meter; n, number; SD, standard deviation
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Overall, 76.6% had at least 1 abnormal finding.
Diabetes was found in 8.0%, hypertension in 11.3%,
and chronic kidney disease (CKD) in 1.7%. Liver enzyme
elevation occurred in 12.2%, while hyperuricemia
affected 32.9%. Chest X-ray abnormalities included old
tuberculosis (TB) (4.9%) and active TB (1.5%) (Table 2).

Risk factor analysis showed a significant
association between behavioral factors and NCDs
(Table 3). Diabetes: obesity (OR = 2.66, p = 0.004)
was significantly associated. Male sex, alcohol, and
smoking history were not statistically significant.

Table 2 Health Screening Results for BMA Employees

Hypertension: significantly related to male sex
(OR = 2.08, p < 0.001), age > 35 years (OR = 2.81,
p < 0.001), alcohol use (OR = 1.38, p = 0.037), and
obesity (OR = 4.75, p < 0.001). Smoking was not
significant. Liver enzyme elevation: significantly
associated with male sex (OR = 4.29, p < 0.001)
and obesity (OR = 4.29, p = 0.003). Alcohol and
smoking were not significant. Abnormal chest X-ray:
Age > 35 (OR = 1.85, p = 0.009) was associated
with lung abnormalities. Male sex, Alcohol, smoking,
and obesity were not statistically significant predictors.

Total (n) Normal n (%) Abnormal n (%)
Fasting blood sugar 2,604 1,676 (64.4) 928 (35.6)
Diabetes (FBS > 126 mg/dL) 209 (8)
Impaired fasting glucose 719 (27.6)
(FBS = 100-125 mg/dL)
Hypercholesterolemia (> 200 mg/dL) 2,604 2,210 (84.9) 394 (15.1)
Hypertriglyceridemia (> 150 mg/dL) 2,605 2,376 (91.2) 229 (8.8)
Hypertension 3,611 3,204 (88.7) 407 (11.3)
Hyperuricemia 1,475 989 (67.1) 486 (32.9)
Elevated liver enzymes 2,604 2,287 (87.8) 318 (12.2)
Chronic kidney disease (eGFR) 2,605 2,561 (98.3) 44 (1.7)
CKD stage 1 10 (0.4)
CKD stage 2 6 (0.2)
CKD stage 3a 22 (0.8)
CKD stage 3b 6 (0.2)
CKD stage 4 2 (0.1)
Pyuria + positive nitrite 1,733 1,729 (99.8) 4 (0.2)
(suggestive of urinary tract infection)
Anemia (< 13.0 g/dL for males and < 12 g/dL 3,639 2,811 (77.2) 828 (22.8)
for females)
Positive fecal occult blood 10 (0.3)
Chest X-ray 1,839 1,628 (88.5) 211 (11.5)
Old TB 91 (4.9)
Active TB 28 (1.5)
Suspected lung mass 20 (1.2)
Cardiomegaly 10 (0.5)
Aortic calcification 9 (0.5)
Others (ventriculoperitoneal shunt, 3 (0.2)

catheter devices)

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; FBS, fasting blood sugar; g/dL, grams per deciliter; mg/dL, milligrams per deciliter; n, number; TB,

tuberculosis
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Table 3 Summary of the Factors Associated with Abnormal Health Outcomes

Factor

Male gender

DM

Adjusted OR
(95%CI),
P-value

1.42 (0.90, 2.24),

HT

Adjusted OR
(95%CI),
P-value

2.08 (1.48, 2.93),

Elevated AST/ALT
Adjusted OR
(95%CI),

P-value

4.29 (2.70, 6.09),

Abnormal CXR
Adjusted OR
(95%CI),
P-value

1.49 (0.98, 2.26),

p = 0.131 p = < 0.001* p = < 0.001* p = 0.063
Age > 35 years No data 2.81 (1.73, 4.59), No data 1.85 (1.17, 2.92),
p = < 0.001* p = 0.009*
Alcohol use 1.32 (0.87, 1.99), 1.38 (1.02, 1.86), 1.18 (0.84, 1.65), 1.17 (0.79, 1.75),
p = 0.190 p = 0.037*% p = 0.334 p = 0.426
Smoking 0.81 (0.53, 1.26), 0.79 (0.57, 1.08), 1.05 (0.75, 1.46), 0.73 (0.47, 1.13),
p = 0.350 p = 0.137 p = 0.782 p = 0.161
Obesity (BMI > 23) 2.66 (1.37, 5.17), 475 (2.91, 7.75), 2.59 (1.39, 4.82), No data

p = 0.004*

p = < 0.001*

p = 0.003*

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; CI, confidence interval; CXR, chest

X-ray; DM, diabetes mellitus; HT, hypertension; OR, odds ratio

Adjusted OR by male gender, Age > 35 years, alcohol use, smoking and obesity (BMI > 23)

*p < 0.05

Discussion
This study revealed a high prevalence of metabolic
risk factors among BMA employees, with 76.6%
exhibiting at least one abnormal health parameter. The
most frequent findings included obesity, hyperuricemia,
liver enzyme elevation, and anemia. These results are
consistent with national trends, where nearly half of
the adult population is overweight or obese, reflecting
lifestyle and occupational patterns that promote
physical inactivity'” and poor dietary behaviors.”
Obesity, found in 61.8% of participants, is a well-
established risk factor for diabetes and hypertension.
In this cohort, obesity was significantly associated
with diabetes (OR 2.66) and hypertension (OR 4.75),
consistent with previous evidence linking central
adiposity to insulin resistance'® and hemodynamic
dysregulation.'® Male gender emerged as a significant
predictor of hypertension, aligning with global and
population-based studies demonstrating that men tend
to develop NCD-related risk factors such as elevated
blood pressure and obesity at younger age."” The
prevalence of diabetes (8.0%) aligns with the national
estimates(7.5-8.9%).°"® The prevalence of prediabetes
(27.6%) was higher than national survey (10.6%)."”
However, the hypertension prevalence in this study
(11.3%) was lower than the national data (25-30%),"
likely reflecting a healthy-worker effect or the influence
of single-occasion blood pressure measurements in

4 J Med Urban Health 2026;70(1):e7155

less stressful screening environments. Nevertheless,
multivariable logistic regression confirmed that
hypertension was independently associated with male
sex, age = 35 years, alcohol consumption, and
obesity. These associations are well explained by the
underlying pathophysiology of sympathetic activation,
renin—angiotensin—aldosterone system dysregulation,
and vascular aging, mechanisms widely documented
in prior epidemiologic and physiologic studies.'®"
Interestingly, CKD prevalence was relatively low (1.7%)
compared to previous Thai population studies, which
reported rates up to 17.5%.”° The lower detection
may stem from one-time eGFR testing and the
relatively healthy working population. The high
prevalence of obesity and other NCDs raises
concern for future renal burden, particularly as aging
progresses.

Liver enzyme elevation (12.2%) was significantly
associated with male gender and obesity, supporting
the known role of metabolic and behavioral factors in

%7 Notably, age was not a significant

liver dysfunction.
predictor, likely due to the narrow age distribution in
this cohort. These findings mirror data from military”
and diabetic populations,”” where non-alcoholic fatty
liver disease and alcohol-related liver damage

are common.”"

Hyperuricemia affected 32.9% of
participants, which is markedly higher than community-

based reports in Thailand.” This may reflect urban
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dietary habits, male predominance, and coexisting
metabolic risk factors, such as obesity and alcohol
use, which alter uric acid metabolism.”® Hyperuricemia
is increasingly recognized as a contributor to metabolic
syndrome, cardiovascular disease, and CKD progression.”®

The prevalence of anemia in our cohort was
22.8%. This finding is consistent with recent reports
in Thailand suggesting a significant health concern
among the metropolitan workforce. This finding, combined
with the fact that all cases were microcytic, emphasizes
the need for screening inherited hemoglobin disorders
and iron deficiency in the Thai population.”” Iron
deficiency anemia (IDA) must remain a primary
consideration. This distinction is crucial, as IDA can be
caused by chronic occult blood loss from colorectal
cancer.”® A finding supported by the 0.3% of our
participants who tested positive for fecal occult blood,
highlighting the clinical importance of differentiating
these causes for appropriate management. The chest
X-ray findings revealed old or active TB in 6.4% of
screened individuals. While Bangkok remains endemic
for TB, these findings emphasize the utility of routine
imaging even in asymptomatic populations. Older age
was significantly associated with radiologic abnormalities,
aligning with TB epidemiology and cumulative exposure
risk.” Incidental findings such as cardiomegaly and
vascular calcification also hint at subclinical cardiovascular
disease, further supporting the integration of imaging
in comprehensive screening.

Collectively, this is the inaugural report describing
screening outcomes among BMA workers. The findings
reflect a high burden of modifiable NCD risk factors
in an urban workforce. The associations observed
support existing evidence and underscore the need
for continued investment in health promotion, routine
surveillance, and targeted lifestyle interventions. One
limitation of this study is that the health screening
was conducted under a government welfare program,
with screening protocols determined primarily by age
groups rather than occupational risk. Nonetheless, the
scope of the screening remains broadly relevant, as
it captures key health risks prevalent among urbanized
populations.

CONCLUSION

This study identified a high prevalence of modifiable
NCD risk factors among employees of the BMA.
Obesity, elevated liver enzymes, hyperuricemia, and
anemia were common, with male gender and obesity

J Med Urban Health 2026;70(1):e7155

emerging as consistent predictors of multiple health
abnormalities. Although the prevalence of some
conditions, such as hypertension and CKD, appeared
lower than national averages, the widespread presence
of early metabolic disturbances signals a substantial
future burden if unaddressed. These findings highlight
the pressing need for urban-specific disease prevention
strategies. In densely populated cities like Bangkok,
civil servants often face unique health challenges
related to sedentary work, limited green space,
psychosocial stress, and dietary patterns shaped by
the urban environment. Integrating routine health
screenings with proactive lifestyle interventions,
including nutrition education, workplace wellness
programs, mental health support, and physical activity
promotion, can play a pivotal role in reversing these
trends. Preventive efforts tailored to urban contexts
are essential for reducing the burden of NCDs and
preserving the health, productivity, and resilience of
the metropolitan workforce.
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ABSTRACT

Objectives: Patients with open fractures were often treated later than usual
during the COVID-19 pandemic, which could impact their outcomes, particularly
regarding infection risks. However, some studies suggest that the timing of
surgery does not directly influence infection rates. We aimed to examine how
the COVID-19 pandemic affected the way open fractures were managed,
focusing on any changes in treatment timing and patient outcomes before and
during the pandemic.

Materials and Methods: Retrospective data at Vajira Hospital were collected
and divided into two groups: one group received treatment before the COVID-19
pandemic (pre-COVID group), and the other group during the COVID-19
pandemic (COVID group). Key factors such as injury time, time to first surgery,
and time to first dose of antibiotics were considered. The primary outcome
was the difference in waiting times for surgery. Secondary outcomes included
infection rate, nonunion rate, and reoperation rate.

Results: The researchers collected data from a total of 76 patients for each
of the pre-COVID and COVID groups. No significant differences were found
in waiting times for surgery or in the time to the first dose of antibiotics
between the two groups. The mean waiting time for surgery was shorter in the
COVID group (587.2 min) compared to the pre-COVID group (683.4 min),
but this difference was not statistically significant. The mean time to the first
dose of antibiotics in the COVID group (183.8 min) was shorter than in the
pre-COVID group (212.2 min), but did not meet the statistically significant
threshold. There were no significant differences in complication rate (infection
rates, nonunion rates, and reoperation rates) between groups.

Conclusion: COVID-19 did not affect the waiting time for the treatment of open
fractures and did not impact the outcomes or complications of open fracture
treatment at Vajira Hospital. This may be attributed to the hospital's strict
criteria for emergency surgeries, prioritizing critically needed cases, ensuring
timely and standard treatment.
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Impact of COVID-19 on Open Fracture Management

INTRODUCTION

The COVID-19 pandemic began in early 2020. As the
virus spreads through droplets, strict hygiene and
respiratory protection measures were implemented
nationwide, significantly impacting hospital management,
leading to shortages in medical resources. Routine
practice guidelines were adjusted to accommodate
the situation, which resulted in longer waiting times
due to additional procedural steps. For example,
patients requiring urgent surgery might undergo the
GeneXpert test. A rapid molecular test that provides
quicker results than the reverse transcription-
polymerase chain reaction, but still delays the
surgical preparation. Additionally, treatment delays
occurred due to a shortage of medical staff, blood
supplies, and equipment.

Open fractures are an urgent orthopedic
condition, requiring prompt management for irrigation
and debridement upon arrival at the emergency room.
It was traditionally believed that surgical intervention
for open fractures should occur within 6 h' (the “6-h
rule”) to reduce the risk of infection. However, recent
studies suggest that the timing of surgery may not
directly affect infection rates. A study by Weber et al.”
found no significant difference in the time from
injury to surgery for open long bone fractures between
patients who developed infections and those who did
not, though the infection rate was influenced by the
severity of the fracture as classified by the Gustilo-
Anderson system. In another study Higgin et al.’
found a higher infection rate in patients who underwent
surgery within 12 h compared to those after 12 h.
Additionally, Charalambous et al.” found no difference
in outcomes between surgeries performed within 6
h and those performed later. Many studies have
explored risk factors for postoperative infections in
open fractures, with the time from injury to surgery
not identified as a significant factor. Current guidelines
in England state that there is no evidence-based
support for the 6-h rule.” However, there are still no
definitive studies outlining the optimal time frame for
surgery in open fracture treatment.

It is assumed that delays in treatment, compared
to pre-pandemic times, may affect the treatment
outcomes. Several studies have examined the impact
of the COVID-19 pandemic on the treatment of open
fractures, all finding longer times from injury to
surgery than before the pandemic. However, the
infection rate did not differ. Additionally, some studies

2 J Med Urban Health 2026:70(1):e7147

noted that definitive treatment also took longer.

No studies have been conducted in Thailand
regarding the effects of the COVID-19 pandemic on
open fracture treatment. Treatment approaches vary
systematically between countries, including differences
in patient demographics. Analyzing these variations
can provide valuable insights and help guide future
open fracture treatments in Thailand.

MATERIALS AND METHODS

This study was approved by the Vajira Institutional
Review Board (COA 019/2566). Retrospective data
were collected using the EPHIS database, divided into
two groups: those who visited before the COVID-19
pandemic (pre-COVID group) and those who visited
the emergency department at Vajira Hospital, a level
I trauma center, during the pandemic (COVID group).
Key factors that may affect treatment outcomes, such
as injury time, time to first surgery, and time to the
first dose of antibiotics, were considered. The primary
outcome was the time to first surgery. The secondary
outcomes included the infection rate, nonunion rate,
and reoperation rate. This retrospective review included
patients diagnosed with open long bone fractures
between January 1, 2018, and December 31, 2021,
at Vajira Hospital. The pre-COVID group included data
from January 1, 2018 to December 31, 2019 and the
COVID group included data from January 1, 2020 to
December 31, 2021. Full medical records were available,
containing information on injury time, surgery time,
diagnosis, and waiting time for the first antibiotic
dose. Some missing demographic data were collected
from telephone interviews. All patients had a follow-up
period of at least 3 months after definitive treatment.
Patients with pathological fractures, such as those
caused by infection or cancer, were excluded. This
study calculated the sample size by setting a Type [
error of 0.05 and a power of 80%. The variances
were referenced from the study by Gupta et al.,°
resulting in 76 patients per group. For the result, the
T-test and the Chi-square were used for statistical
analysis.

RESULTS

A total of 152 patients who received the treatment for
open long bone fractures were included (76 in the
pre-COVID and 76 in the COVID group). The
demographic data for each group are shown in Table 1.
The results indicated similar gender and age distributions

https://doi.org/10.62691/jmuh.2026.7147
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Table 1 Demographic Characteristics
Group COVID Pre-COVID
Total, number 76 76
Sex (%)
Male 62 (81) 57 (75)
Female 14 (19) 19 (25)

Age, mean (SD) 39.87 (10.8) 35.2 (12.4)

Smoking, number (%) 22 (29) 13 (17)
Underlying disease (%)
Hypertension 7 (9) 6 (7.8)
Diabetes mellitus 2 (2.6) 3 (3.9)
Dyslipidemia 6 (7.8) 2 (2.6)
Stroke 1 (1.3) 1 (1.3)
Heart disease 1 (1.3) 1 (1.3)
Other 3 (3.9) 4 (5.2)

Operation (%)
Fixation 56 (73.7) 60 (78.9)

20 (26.3) 16 (21.1)

No implant

Abbreviation: SD, standard deviation

between the two groups. However, the COVID group
had a higher number of smokers than the pre-COVID
group. Regarding underlying conditions, the COVID
group had a higher prevalence of dyslipidemia compared
to the pre-COVID group, while the incidence of other
conditions was similar in both groups. As for surgical

procedures, both groups underwent fixation and
debridement without fixation, with similar distributions
between the groups.

The time to surgery was shorter for patients
who visited during the COVID group compared to
those who visited before the pandemic, but this
difference was not statistically significant (587.2 min
vs 683.4 min, P = 0.09). Similarly, the time to the
first dose of antibiotics was shorter in the COVID
group, but no significant difference (183.8 min vs
212.2 min, P = 0.27). (Table 2)

Regarding the secondary surgical outcomes. For
infection rates, both groups had a rate of 9.2%.
Additionally, the nonunion rate was higher in the
pre-COVID group but not statistically significant (1.3%
vs 3.9%, P = 0.23). The reoperation rate was found
to be higher in the COVID group but did not reach
statistical significance (10.5% vs 7.9%, P = 0.39)
(Table 3). The operation rate was collected from all
types of operations, including second-third look
debridement and revision surgery.

DISCUSSION

During the COVID-19 pandemic, hospitals had to
implement additional procedures in the patient care
process to prevent viral spread. These included wearing
personal protective equipment, cleaning protocols,
COVID-19 screening tests, and limitations on the
number of staff and available facilities. As a result,
the care provided to each patient took longer than
usual, leading to the hypothesis of this study that the

Table 2 Time to Surgery and Time to the First Dose of Antibiotics

Group P-value
COVID Pre-COVID
(n = 76) (n = 76)
Time to surgery Mean(min) 587.2 684.4 0.09
Standard deviation 394.4 302.3
Standard error mean 45.2 34.6
Time to the first dose of  Mean (min)
antibiotics 183.8 212.2 0.27
Standard deviation 182.6 134.0
Standard error mean 20.9 15.3

Abbreviation: n, number

J Med Urban Health 2026;70(1):e7147
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Table 3 Surgical Outcomes between Groups

Group
Outcomes P-val
COVID  PrecOVID ' V&Uue
(n =76) (n = 76)
Infection, 7 (9.2) 7 (9.2) 1.00
number (%)
Nonunion, 1 (1.3) 3 (3.9) 0.23
number (%)
Re-operation, 8 (10.5) 6 (7.8) 0.39
number (%)

Abbreviation: n, number

treatment of patients with open fractures might be
delayed and could potentially increase the risk of
postoperative complications.

A multicenter cohort study from the United
States and Canada found an increase in the number
of cases that did not meet the 24-h waiting time for
open fracture surgery during the COVID-19 period
(2.7% vs 3.9%)." A cohort study from the United
Kingdom reported a significant decrease in cases
meeting the 12-h surgical benchmark during the
pandemic, from 57.1% to 31.8% (P = 0.004), with
no significant change in infection rates.® A study from
India found longer times for the first dose of antibiotics
and a higher infection rate during the COVID-19
period, although this difference was not statistically
significant.® The findings from our institute showed
that the waiting times for antibiotic administration and
surgery were not significantly different from the
pre-pandemic period. Several factors can explain this.
Due to the government’s lockdown policy, the number
of accident patients decreased. Stricter criteria for
defining urgent cases in the emergency room led to
a reduced patient volume, along with more stringent
emergency surgery indications, resulting in fewer
surgical cases overall. Additionally, effective management
policies under resource constraints, including limited
equipment, tools, operating rooms, and staff, helped
maintain treatment standards similar to pre-pandemic
conditions. In our institute, a policy has been
implemented to cancel elective surgeries and to
operate the surgical rooms only for urgent cases
that require immediate surgical intervention. This has
significantly reduced the number of operating room
sessions compared to the pre-COVID period, making
the waiting list for receiving the treatment shorter,

4 J Med Urban Health 2026;70(1):e7147

and the number of personnel is sufficient to handle
the workload, even under conditions with limited
staffing. Campbell et al.® reported a 64% decrease
in emergency department visits during the lockdown
at the Royal London Hospital, with an 18% decrease
in open lower extremity fracture cases. Choudhary
et al."’ found that open fracture admissions were 21%
lower than usual, and the waiting time for surgery
was significantly reduced, with no difference in
infection rates. The results of this study indicate that,
despite the challenges posed by the pandemic, which
hindered urgent care delivery, effective management
following strict standard treatment guidelines and
proper operating room management can maintain
treatment outcomes at the expected level and reduce
the incidence of complications.

Traditionally, the “6-h rule” recommended early
surgical management for open fractures within 6 h to
reduce the risk of infection." However, recent studies
have challenged this rule (9.7 h vs 11.4 h, P = 0.09),
suggesting that the timing of surgery, “6-h rule”, does
not directly correlate with infection rates.”®'"
Different guidelines are used in various institutes based
on current evidence and surgeon preferences. The
BOAST Guideline® (British Orthopedic Association
Standards for Trauma and Orthopedics) recommends
surgery within 12 h for high-energy injuries and 24 h
for low-energy injuries. In Thailand, open fractures
are still considered urgent, and the time for surgery
outside regular operating room hours varies between
hospitals, depending on the situation and available
resources. Our findings align with this view, as we
observed no significant difference in infection rates
based on the timing of surgery, the mean time to
surgery was more than 6 hours in both groups (9.8h
for COVID vs 11h for pre-COVID), resulting in the
rate of infection at 9%, not higher compared to the
overall infection rate from other recent literature

14,156

(13-18% in long bone fracture). The operation can
be considered an urgency rather than an emergency
condition. Moreover, a systematic review and meta-
analysis by Kortram et al.'”” highlighted that factor,
like fracture severity, rather than the surgery timing,
may have a more significant effect on infection rates.
However, there is still a lack of high-quality studies
to establish a consensus on the optimal timing for
surgery in open fractures.'®

There were some limitations in our study, such
as its retrospective design and the potential for
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selection bias. Additionally, since the study was
conducted in a single institution, findings may not
be fully applicable to other settings. Some missing
information, which is not recorded in the medical data,
such as smoking status, was obtained by the researcher
through telephone interviews with the patients, which
may have been related to issues of recall bias. Some
incomplete data, which could affect the surgical
outcomes, such as the level of contamination and soft
tissue injury, may cause the research findings to be
distorted from reality. Therefore, future research should
include these details to provide more accurate and
reliable conclusions. Furthermore, our study was
underpowered to detect small differences in infection,
nonunion, and reoperation rates, as indicated by the
post hoc power analysis (5%, 18%, and 9%, respectively).
Thus, the absence of significant differences does not
necessarily exclude a clinically meaningful effect.

CONCLUSION

While the COVID-19 pandemic posed significant
challenges in managing open fractures, our study
indicates that, despite these challenges, the quality
of care for open fracture patients remained consistent.
No significant differences were found in the time
to receive the surgery or, time to the first dose of
antibiotics. The clinical outcomes, such as infection,
nonunion, and reoperation, did not show a statistically
significant difference. Further research is needed to
understand the long-term impact of the pandemic on
fracture management and to identify strategies for
optimizing care during similar crises. In summary,
hospitals should maintain strict standards for prioritizing
urgent necessary treatments first, especially in situations
with limited resources and risks of infectious outbreaks,
to ensure satisfactory treatment outcomes and reduce
complications from the care provided.
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INTRODUCTION

ABSTRACT

This review provides a comprehensive analysis of systemic medications and illicit
substances that can lead to various forms of retinal and choroidal toxicity. Accurate
diagnosis requires a detailed medication history and the identification of characteristic
retinal changes using multimodal imaging techniques. The discussion includes drugs
associated with retinal pigment epithelial disruption, vascular alterations, cystoid
macular edema, crystalline deposits, drug-induced retinal folds, and uveitis. The ocular
effects of emerging chemotherapeutic and immunotherapeutic agents are also
examined. Key mechanisms of action, preventive strategies, and available treatment
options are explored in detail. The focus is on medications frequently encountered in
ophthalmic practice and important considerations for eye care professionals. Many
drug-induced retinal toxicities are reversible with discontinuation of the medication,
especially when detected early before causing significant visual impairment. However,
certain agents may lead to permanent and progressive retinal damage. Close monitoring
and timely intervention by ophthalmologists are essential. This review highlights the
importance of early detection and proper management of medication-induced retinal
and choroidal toxicity to reduce the risk of vision loss and related complications.

Keywords: crystalline maculopathy, cystoid macular edema, diffuse retinal pigment
epithelium changes, retinal and choroidal toxicity, vascular damage

Although posterior segment toxicity is uncommon, it
remains a serious complication associated with certain
systemic medications. This review examines commonly
encountered medications in clinical practice and outlines
key considerations for ophthalmologists.

We undertook a thorough PubMed search for
English-language articles dating back to January 1960,
targeting publications from January 1990 to April 2025.
The search employed keywords including “retinal toxicity,”
“choroidal toxicity,” “drug-induced retinopathy,” and
the names of specific systemic medications known or

suspected to affect the retina. Retinal and choroidal
toxicities are classified into several main categories,
including retinal pigment epithelial (RPE) disruption,
maculopathy, vascular damage, crystalline deposits,
uveitis, and the toxicity related to illicit substances.
A clear understanding of these categories is crucial
for clinicians to effectively identify, manage, and reduce
the risk of medication-related ocular toxicity. A summary
of common systemic medication-induced retinal and
choroidal toxicities is provided in Table 1.
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Table 1

Toxicity Categories

RPE Disruption

Drugs

HCQ, Chloroquine

Findings & Diagnostics

Cornea verticillata, parafoveal or
pericentral EZ loss, RPE atrophy,
pigment mottling, optic atrophy,
RP-like changes bull’s-eye maculopathy
SD-OCT, FAF, HVF 10-2/30-2, mfERG
(optional). Asian patients may benefit
from wide-field imaging.

Summary of Retinal and Choroidal Toxicities Associated with Systemic Medications

Management / Recommendations

Risk increases with > 5.0 mg/kg/day
(HCQ), renal impairment, and tamoxifen
used.

Discontinue if toxicity is suspected.
Damage may progress post-cessation.

Pentosan Polysulfate

Sodium

Speckled hypo/hyperautofluorescence
around fovea, RPE nodules, outer
retinal atrophy, thinning of ONL and
choroid.

OCT, FAF, NIR imaging.

Baseline and annual screening
recommended after 500 g cumulative
dose.

Discontinue if toxicity is suspected.
Damage may progress post-cessation.

Phenothiazines:
Thioridazine,
Chlorpromazine

Non-specific macular pigment changes.
RPE/choriocapillaris atrophy, vascular
narrowing, optic atrophy, pigment
plaques.

ERG/EOG abnormalities in late stages.

Monitor daily and cumulative dose.
Discontinue early if toxicity suspected.
Some cases may stabilize or partially
improve.

Deferoxamine

Nyctalopia, visual field loss.
Pigmentary retinopathy (minimal,
focal, patchy, or speckled patterns),
outer retinal deposits, EZ disruption.
Rare: CSCR-like changes.

Maximum dose < 50 mg/kg/day.
Baseline and regular monitoring.
Reduce dose if toxicity occurs.

MEK inhibitors

Bilateral multifocal serous detachments,
often fovea-involving. May mimic CSC
but lacks leakage or choroidal thickening.
Uveitis, CME, and optic neuropathy,
have been reported.

Risk factors include age, impaired
renal function, and preexisting eye
diseases.

Usually self-limited.

Conservative management unless
persistent. Consider stopping drug if
severe.

FGFR inhibitors

Serous subretinal fluid, pseudovitelliform
lesions, EZ disruption.

Often asymptomatic.

Findings resemble MEK retinopathy.

Monitor with OCT. Often resolves
after drug cessation. Long-term effects
unknown.

Maculopathy

2 J Med Urban Health 2026:70(1):e7152

Nicotinic acid

CME

FA typically shows no leakage.
Prolonged use may lead to macular
atrophy.

Discontinuation or dose reduction
usually leads to resolution.

Antimicrotubule

CME

Discontinuation or dose reduction

agents FA typically shows no leakage. usually leads to resolution.
Topical or systemic CAI
Fingolimod CME Topical anti-inflammatory agents,

FA typically shows no leakage.

corticosteroids, CAI, and anti-VEGF
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Table 1 Summary of Retinal and Choroidal Toxicities Associated with Systemic Medications (cont.) =
z
Toxicity Categories Drugs Findings & Diagnostics Management / Recommendations E
Vascular damage  Talc Capillary nonperfusion, microaneurysms, Discontinue intravenous drug use, 2
. . . o >
cotton-wool spots, and retinal Manage ischemia or neovascularization =
neovascularization. (e.g., anti-VEGF, PRP if needed) E
OCP May induce a hypercoagulable state, Discontinue OCP if event occurs E
potentially leading to retinal vein/ Consider alternative contraception
artery occlusion or ischemic optic
neuropathy.
Interferon Cotton-wool spots, hemorrhages, CME, Retinal findings typically improve

and vascular occlusions

after discontinuation of the drug.

Ergot Alkaloids

Particularly at high doses, can cause

retinal vasospasm and ischemia.

Stop medication

Consider vasodilator therapy if needed

Crystalline deposits Tamoxifen

May cause dyschromatopsia, visual loss
crystalline deposits, CME (dose-
dependent), disruption of EZ, OCTA:
right-angled vessels, deep capillary

plexus changes (MacTel2-like)

Eye exam every 6 months if on > 20
mg/day > 2 yrs

Consider stopping drug if symptomatic
Manage CME with anti-VEGF, steroids,

or oral CAls

Canthaxanthin

Crystalline maculopathy

Often asymptomatic

Deposits resolve slowly after

discontinuation

Methoxyflurane

Crystalline retinopathy, cotton-wool

spots possible

Avoid in renal impairment

Discontinue if toxicity evident

Uveitis

Checkpoint inhibitors

Uveitis (anterior, posterior, panuveitis)

VKH-like, Behget-like features

Topical/local/systemic steroids as
needed

Continue therapy if responsive

BRAF inhibitors

Anterior uveitis most common
VKH-like posterior uveitis and panuveitis

also reported

Topical/local/systemic steroids as
needed

Continue therapy if responsive

Abbreviations: BRAF, B-Raf proto-oncogene, serine/threonine kinase; CAI, carbonic anhydrase inhibitors; CME, cystoid macular
edema; CSC or CSCR, central serous chorioretinopathy; EOG, electrooculography; ERG, electroretinography; EZ, ellipsoid zone;
FA, fluorescein angiography; FAF, fundus autofluorescence; FGFR, fibroblast growth factor receptor; HCQ, hydroxychloroquine;
HVF 10-2/30-2, Humphrey visual field 10-2 or 30-2 testing pattern; HVF, Humphrey visual field; MacTel2, macular telangiectasia
type 2; MEK, mitogen-activated protein kinase/extracellular signal-regulated kinase pathway; mfERG, multifocal electroretinography;
NIR, near-infrared reflectance; OCP, oral contraceptives; OCT, optical coherence tomography; OCTA, optical coherence tomography
angiography; ONL, outer nuclear layer; PRP, panretinal photocoagulation; RP, retinitis pigmentosa; RPE, retinal pigment
epithelium; SD-OCT, spectral-domain optical coherence tomography; VEGF, vascular endothelial growth factor; VKH, Vogt—
Koyanagi—-Harada syndrome
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Toxicity Related to Retinal Pigment Epithelial
Disruption

Chloroquine Derivatives: Chloroguine, Hydroxychloroquine
Chloroquine, a 4-aminoquinoline drug, is primarily used for
malaria treatment and prevention, as well as certain
inflammatory conditions.! Hydroxychloroquine, a related
compound with better safety, is Food and Drug
Administration-approved for systemic lupus erythematosus,
rheumatoid arthritis, and malaria prophylaxis, and has
largely replaced chloroquine. Both drugs accumulate
in melanin-rich tissues, particularly the RPE and uveal
tissues.” The mechanism of toxicity is unclear but may
involve RPE lysosomal dysfunction leading to photoreceptor
loss, inhibition of retinol recycling, and direct retinal
toxicity.”” Hydroxychloroquine toxicity is dose- and duration-
dependent, with early signs including cornea verticillata
and subtle macular changes that can progress to bull’s-
eye maculopathy, marked by a ring of depigmentation
surrounding the fovea.® Advanced toxicity may mimic
retinitis pigmentosa, with pigment mottling, vascular
attenuation, optic atrophy, and bone spicule formation.’
Hydroxychloroquine toxicity has an estimated prevalence
of 7.5%, with variations influenced by daily dosage
and duration of use.” Current recommendations limit
hydroxychloroquine to < 5.0 mg/kg/day and chloroquine

to < 2.3 mg/kg/day, based on actual body weight'.
In individuals of shorter stature, particularly those 5 feet
2 inches (157 cm) or below, careful dosage calculation
based on ideal body weight is essential to prevent
excessive drug exposure. For chloroquine, toxicity is
more likely above 2.3 mg/kg/day, with risk rising after
cumulative doses of 100-300 g. Patients of shorter
stature require careful dosing to avoid overdosing.
Spectral-domain optical coherence tomography
(SD-OCT) is a key imaging modality for detecting retinal
toxicity, revealing structural changes such as outer
nuclear layer thinning, outer segment hyperreflectivity,
and ellipsoid zone (EZ) disruption. Fundus autofluorescence
(FAF) is particularly sensitive for early detection, often
showing a paracentral hyperautofluorescent ring that
progresses to pericentral mottled hypoautofluorescence
with hyper-autofluorescent borders, and eventually to
complete pericentral signal loss in advanced cases.’
Patterns of retinal toxicity vary across ethnic groups.
Asian patients may develop peripheral retinal damage
(Figure 1), making ultrawide-field FAF a crucial diagnostic
tool. In contrast, African American, Hispanic, and European
patients predominantly exhibit a parafoveal damage pattern,
though African American and Hispanic individuals may
have a higher likelihood of extramacular involvement.

Figure 1

(A-B) Fundus autofluorescence shows perifoveal hyperautofluorescence of both eyes indicative of hydroxy-

chloroquine toxicity in an Asian patient. (C-D) Spectral-domain optical coherence tomography reveals outer retinal
thinning corresponding to the FAF abnormalities, consistent with chronic hydroxychloroquine-induced retinal damage.
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The multifocal electroretinogram (MfERG) is the
most sensitive test for hydroxychloroquine toxicity,
detecting functional abnormalities even when fields, SD-OCT,
and full-field ERG are normal.” ° Abnormalities may appear
as foveal, paracentral, peripheral, or generalized dysfunction.
While not used for routine screening, mfERG supports
multimodal imaging for reliable detection and monitoring.g‘ 0

The estimated risk of hydroxychloroquine toxicity
is 1% after 5-7 years or a cumulative dose of 1000 g,
rising to 20% after 20 years."'” Chloroquine, due to its
slow excretion, can remain in the body for years and has
been linked to delayed-onset retinopathy even seven
years post-cessation. In addition to dose and duration,
risk factors include renal impairment, which prolongs drug
clearance; concurrent tamoxifen use, which increases
toxicity risk; and pre-existing retinal disease. Age, liver
dysfunction, and genetic predisposition may also contribute.’
Routine screening is vital for early detection. The 2016
American Academy of Ophthalmology (AAO) guidelines
advise a baseline exam within the first year of therapy
and annual screening after five years, or sooner in high-
risk patients. Standard tests include SD-OCT and Humphrey
Visual Field (HVF) 10-2, with HVF 24-2 or 30-2 preferred
in Asian populations due to peripheral involvement. FAF
and mfERG can detect subtle changes not seen with
other modalities. If toxicity is suspected, prompt drug
discontinuation is recommended; mild to moderate cases
may stabilize, but severe disease can progress despite
cessation. mfERG changes may show partial recovery.
Ophthalmologists play a central role in counseling, risk
assessment, and long-term monitoring. Updated AAO
screening guidelines are expected in late 2025.

Pentosan Polysulfate Sodium

Pentosan Polysulfate Sodium (PPS) is commonly prescribed
for the management of interstitial cystitis, a condition
predominantly affecting women.” Early manifestations
of PPS-related toxicity appear to originate in the RPE,
leading to RPE thickening followed by progressive
photoreceptor degeneration and RPE atrophy. This
pathological progression differs from hydroxychloroquine-
induced toxicity, which initially presents as pericentral
EZ disruption or loss, followed by subsequent RPE
damage and atrophy in later stages.”

The pathophysiology of PPS-associated maculopathy
remains unclear, particularly whether RPE damage is
primary or secondary to choroidal involvement. Recent
studies suggest a potential choroidal role, with observed
reductions in stromal choroidal area and increased

J Med Urban Health 2026;70(1):e7152

choroidal vascular index in affected eyes."” Multimodal
imaging is essential for detecting characteristic features
of PPS toxicity. OCT findings range from early hyper-
reflective RPE nodules to advanced RPE and outer retinal
atrophy. FAF often shows a speckled pattern of hypo-
and hyperautofluorescence radiating around the fovea
(Figure 2). Near-infrared reflectance (NIR) imaging can
highlight punctate RPE changes and may be more
sensitive than FAF in early disease.

Patients with cumulative doses exceeding 1500 g
are at an increased risk of developing toxicity, though
cases have been documented with doses as low as 435
g.”” A baseline ophthalmic evaluation with OCT, FAF, and
NIR is recommended at therapy initiation, with annual
imaging starting at 500 g cumulative dose.'® If toxicity is
identified, PPS should be discontinued immediately, as
retinal damage may be irreversible and progressive even
after cessation. A prospective study of 26 eyes with
PPS-associated maculopathy showed continued progression
over 13 to 30 months, with a median lesion enlargement
rate of 0.42 mm/year and significant thinning of the
central macula, nuclear layers, and subfoveal choroid.
New areas of RPE atrophy developed, and existing lesions
expanded, highlighting the need for long-term follow-up
after drug cessation."’

Phenothiazines

Phenothiazines are commonly used to treat psychotic
disorders. Thioridazine, though effective, has been
withdrawn in some regions due to its association with
cardiac arrhythmias but remains available in certain
countries.” Chlorpromazine, lacking the piperidy! side chain
of thioridazine, has much lower retinal toxicity. Both drugs
bind strongly to melanin, causing pigmentation of the
skin, conjunctiva, cornea, lens, and retina, but not all
phenothiazines are retinotoxic.'® Early manifestations of
thioridazine toxicity often present as non-specific pigmentary
changes in the macula, which may advance to extensive
nummular atrophy of the RPE and choriocapillaris'®
(Figure 3). Early findings include mild field constriction
or paracentral/ring scotomas, with ERG and EOG
abnormalities in advanced disease.” Late stages show
vascular narrowing, optic atrophy, and patchy depigmentation
with hyperpigmented plaques.”

Chlorpromazine toxicity is rare but has been
reported with prolonged high-dose use (e.g., 2400 mg/
day for one year), presenting as pigmentary retinopathy,
vessel attenuation, and optic pallor.”” Thioridazine toxicity
is dose-dependent, sometimes occurring within two weeks
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Figure 2 (A-B) Color fundus photographs and (C-D) fundus autofluorescence of both eyes show a speckled pattern
of hypoautofluorescence and hyperautofluorescence corresponding to these RPE changes associated with pentosan
polysulfate sodium (PPS)-related maculopathy.

Figure 3 (A-B) Wide-angle color fundus photographs and (C-D) fluorescein angiography of both eyes showing
diffuse granular pigment stippling and nummular pigment loss and choriocapillaris disruption as a thioridazine toxicity.
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at high doses; risk is lower below 800 mg/day,
but cumulative exposure remains important. Early drug
cessation may stabilize or partly improve vision, though
progression can still occur due to prior retinal injury.

Deferoxamine

Deferoxamine, an iron- and aluminum-chelating agent used
in thalassemia and aplastic anemia, can rarely cause
retinal toxicity, possibly via copper depletion in the RPE.
Clinical signs include progressive vision loss, nyctalopia,
and visual field defects, with pigmentary retinopathy as
the hallmark. Early findings may show grayish macular
discoloration, later progressing to diffuse pigmentary
change. OCT typically reveals hyperreflective outer retinal
deposits or Bruch’s-RPE interface changes, leading to EZ
disruption and photoreceptor thinning.” FAF patterns have
been classified as minimal, focal, patchy, or speckled.”
Rarely, bilateral central serous chorioretinopathy (CSC)
has also been reported.”” To reduce risk, adult dosing
should not exceed 50 mg/kg/day.”® While no formal

guidelines exist, baseline and regular ophthalmic screening
is recommended. If discontinuation is not feasible, dose
reduction may help limit retinal damage.

Mitogen-Activated Protein Kinase Inhibitors

Mitogen-activated protein kinase (MEK) inhibitors (trametinib,
cobimetinib, binimetinib) treat metastatic melanoma with
BRAF mutations by blocking the mitogen-activated protein
kinase/extracellular signal-regulated kinase pathway.
Retinal toxicity is dose-dependent and often reversible,
even without stopping treatment. Risk factors include
age, impaired renal function, and preexisting eye disease.”’
RPE dysfunction may lead to subretinal fluid via outer
blood-retinal barrier disruption.”” MEK inhibitors are most
frequently associated with bilateral multifocal serous
retinal detachments, with at least one detachment involving
the fovea' (Figure 4). Despite clinical evidence of
retinal toxicity, some patients on MEK inhibitors remain
asymptomatic.® Additional ocular manifestations, including
uveitis, cystoid macular edema (CME), and optic neuropathy,

Figure 4 (A) Color fundus photographs of right eye reveal localized serous retinal detachments following initiation

of MEK inhibitor therapy for metastatic melanoma. (B) Spectral-domain optical coherence tomography demonstrates

shallow, loculated subretinal fluid predominantly in the subfoveal region.

J Med Urban Health 2026;70(1):e7152
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have been reported. MEK inhibitor-associated serous
retinal detachments may mimic CSC, but lack hallmark
CSC features such as RPE defects, choroidal thickening,
or leakage on FAF, fundus fluoresceine (FA), and
SD-OCT. SD-OCT is the most informative modality, with
four described fluid patterns: dome-shaped (most
common), caterpillar-like, wavy, and splitting.29 Management
is usually conservative, as subretinal fluid often resolves
spontaneously. Symptoms are typically mild and appear
within days of treatment. Persistent cases may require
drug discontinuation. Corticosteroids or NSAIDs can be
used for associated uveitis or macular edema.”

Fibroblast Growth Factor Receptor Inhibitors

Fibroblast growth factor receptor (FGFR) inhibitors,
approved for cholangiocarcinoma and urothelial carcinoma,
include erdafitinib, pemigatinib, and infigratinib. Acting
upstream of MEK, they can cause serous retinal detachments
resembling MEK inhibitor-associated retinopathy. Though
rare, FGFR-related retinopathy is documented: in an
AZDA4547 trial, subretinal fluid occurred in 22% of eyes.
Reported cases with erdafitinib showed pseudovitelliform
lesions, OCT changes, and bilateral serous detachments,
often asymptomatic and sometimes resolving spontaneously
without stopping therapy.” Pemigatinib has similarly been
linked to multifocal serous detachments, resolving within
days of drug cessation.”” The long-term retinal effects of

FGFR inhibitors remain uncertain, highlighting the need
for further studies and clear monitoring guidelines.

Toxicity Related to Maculopathy

Nicotinic Acid

Niacin (nicotinic acid), used to lower lipids, can rarely
cause retinal toxicity. Patients may present with blurred
vision, metamorphopsia, or paracentral scotomas.” OCT
typically shows cystoid spaces in the inner nuclear and
outer plexiform layers, while FA reveals no leakage. The
mechanism may involve direct Mdller cell toxicity and
selective blood-retinal barrier disruption. Most cases resolve
after discontinuation or dose reduction,” but prolonged
use with persistent edema can lead to macular atrophy.

Antimicrotubule Agents

Paclitaxel and docetaxel are widely used in the treatment
of various malignancies, including breast, lung, and
prostate cancer. Both agents have been linked to the
development of CME, which typically lacks leakage on
FA.”® The proposed mechanism involves Miller cell
dysfunction and subclinical extracellular fluid accumulation,
like niacin-induced toxicity. Macular edema often resolves
following drug discontinuation, and treatment with topical
or systemic carbonic anhydrase inhibitors may also be

- - 136, 3
beneficial®™® ¥’

(Figure 5).

Figure 5 (A-B) Color fundus photographs and (C-D) Spectral-domain optical coherence tomography of both eyes

revealing bilateral cystoid macular edema associated with paclitaxel therapy.
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Fingolimod

Fingolimod, a disease-modifying agent for relapsing-
remitting multiple sclerosis, acts via modulation of the
sphingosine-1-phosphate receptor. A notable ocular adverse
effect is fingolimod-associated macular edema (FAME),
caused by blood-retinal barrier disruption, leading to
protein leakage and osmotic fluid accumulation within the
retina. FAME is a dose-dependent adverse effect, most
reported at the standard dose of 0.5 mg daily, and
generally resolves after drug discontinuation.”® However,
there is no established consensus on the optimal
management approach beyond stopping the medication.
Treatments that have shown potential efficacy in promoting
FAME resolution include topical anti-inflammatory agents,
corticosteroids, carbonic anhydrase inhibitors, and anti-

vascular endothelial growth factor (VEGF) therapy.””"

Toxicity Related to Vascular Damage

Talc

Talc, an inactive component of medications such as
methylphenidate and methadone, can cause retinal
toxicity in intravenous drug users who inject crushed
tablets. Repeated injections allow talc particles to enter
systemic circulation and embolize to the retina. Emboli
lodge in small arterioles, producing ischemic retinopathy
with capillary nonperfusion, microaneurysms, cotton-wool
spots, and, in advanced stages, retinal neovascularization.”
Management centers on patient counseling and cessation
of intravenous drug use to stabilize findings and prevent

progression.”**®

Oral Contraceptives

Contraceptive pills containing estrogen (typically
ethinylestradiol at 20-40 pg per day) or progestin may
induce a hypercoagulable state, with estrogen posing
a higher risk. Retinal vascular occlusions have been
reported in young women using these agents, particularly
those on higher-dose formulations (> 30-40 ug).*°
Documented complications include central retinal vein
occlusion, retinal and cilioretinal artery occlusion, superior
ophthalmic vein thrombosis, and anterior ischemic optic

neuropathy.””"

Although the evidence remains inconclusive,
large-scale studies suggest an increased prevalence of

retinal vascular abnormalities among contraceptive pill users.”

Interferon

Interferon alpha-2a is an antiviral and immunomodulatory
agent used to treat melanoma, renal cell carcinoma,
lymphoma, leukemia, and chronic hepatitis C. While

J Med Urban Health 2026;70(1):e7152

generally well tolerated,” it has been associated with
retinal vascular toxicity, often presenting as cotton-wool
spots and intraretinal hemorrhages with preserved visual
acuity (Figure 6). In some cases, more severe complications
such as vascular occlusion, CME or non-arteritic anterior

ischemic optic neuropathy can occur.””™

The proposed
mechanism involves impaired retinal microcirculation due
to leukocyte adhesion and entrapment in the vasculature.”
Patients with diabetes or hypertension are at higher risk.
Retinal findings typically improve after discontinuation of

the drug.”®

Ergot Alkaloids

Ergot alkaloids, particularly ergotamine, have been
associated with retinal toxicity, presenting as retinal
vasculopathy, ischemia, and potential vision loss. These
effects are primarily attributed to vasospasm and reduced
retinal blood flow, especially when used at higher-
than-recommended doses, which can lead to retinal
vasoconstriction.”’

Toxicity Related to Crystalline Deposits
Tamoxifen

Tamoxifen, a selective estrogen receptor modulator, is
widely used for estrogen receptor—positive breast cancer
and has been studied in other malignancies such as
glioblastoma. Retinal toxicity occurs in 0.9-12% of patients
on standard doses (10-20 mg/day), usually after 2-3 years,
but higher daily (60-100 mg) or cumulative doses (> 100 g)
may cause earlier onset.”® Tamoxifen retinopathy is
often asymptomatic but may result in vision loss or
dyschromatopsia.”” Typical findings include crystalline
retinopathy with intraretinal crystals, CME, and pigmentary
changes (Figure 7). FAF may be normal or show mixed
autofluorescence, while OCT reveals hyperreflective inner
retinal deposits and disruption of the ELM, ellipsoid, and
interdigitation zones. CME is dose-dependent, with lower
doses more often linked to cysts than frank edema.
Early OCT/ Optical Coherence Tomography Angiography
features may mimic macular telangiectasia type 2 (MacTel
type 2), including deep plexus alterations, right-angled
vessels, and Muller cell dysfunction.

Regular ophthalmic evaluation is recommended for
patients on tamoxifen, particularly those who remain
asymptomatic but require continued treatment for systemic
malignancies. Follow-up exams every six months are advised,
particularly for patients receiving 20 mg/day of tamoxifen
for two years or longer.”” In symptomatic cases, consultation
with an oncologist is necessary to assess the risk-
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Figure 6 Color fundus photograph of right eye demonstrating cotton-wool spots and intraretinal hemorrhages
associated with interferon alpha-2a toxicity.

Figure 7 (A-B) Color fundus photographs of of both eyes reveal crystalline deposits at the macula. (C-D) Blue
light reflectance imaging highlights punctate hyperreflective foci surrounding the macula, consistent with crystalline
retinopathy secondary to tamoxifen toxicity.
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benefit ratio of discontinuing the drug, as cessation often
leads to improvement in visual function and resolution of
edema. Management strategies for CME include intravitreal
anti-VEGF therapy, intravitreal corticosteroids, and oral

carbonic anhydrase inhibitors.”" ¢

Canthaxanthine

Canthaxanthin, a carotenoid used for treating
photo-sensitivity disorders and as an oral tanning agent
or food additive, has been primarily associated with
retinal toxicity in the context of sun-tanning use. Crystalline
retinal deposits are thought to result from Mudller cell
atrophy and inner retinal spongy degeneration.”® While
many cases remain asymptomatic, prolonged high-dose
use (total dose > 19 g generally over a 2-year timeframe)
can lead to yellow-orange crystals forming a macular
ring.® These deposits resolve slowly after discontinuation,
with clearance potentially taking up to two decades.
Electrophysiologic studies suggest gradual functional
retinal recovery following cessation.”

Methoxyflurane

Methoxyflurane, a volatile anesthetic, can cause renal
failure from calcium oxalate deposition, particularly in
kidney impairment. Retinal involvement manifests as
crystalline retinopathy with yellow-white macular or arteriolar
deposits, sometimes with cotton-wool spots. Histology
shows crystal accumulation in the RPE and inner retina.®®

Toxicity Related to Uveitis

Checkpoint Inhibitors

Checkpoint inhibitors—including Programmed Cell Death
protein 1 (pembrolizumab, nivolumab), Programmed Cell
Death Ligand 1 (atezolizumab, avelumab, durvalumab),
and Cytotoxic T-Lymphocyte Associated protein-4
(ipilimumab)—enhance antitumor immunity by blocking
inhibitory pathways. Initially approved for metastatic
melanoma, they are now used in multiple cancers.
Their immune-modulating effects may trigger ocular
autoimmunity,®® typically within weeks to months of
therapy. Reported complications include dry eye,
myasthenia-like ophthalmopathy, uveitis, and syndromes
resembling Vogt-Koyanagi-Harada (VKH) (Figure 8),
Behcet's disease, and uveal effusion.”” Management
requires coordination between oncologists and
ophthalmologists. Most uveitis cases respond to topical
steroids, while severe inflammation may require intraocular
implants, periocular injections, or systemic therapy.
Immunotherapy discontinuation is rarely necessary and

J Med Urban Health 2026;70(1):e7152

reserved for severe or refractory cases.

BRAF Inhibitors

BRAF inhibitors, including vemurafenib and dabrafenib,
are approved for metastatic cutaneous melanoma and are
often combined with MEK inhibitors. Anterior uveitis is
the most common ocular adverse effect, though VKH-like
uveitis and panuveitis have also been reported.®®®’
The mechanism may involve immune responses against
melanocyte-associated antigens shared by melanoma and
choroidal tissue. Most cases respond well to topical, local,
or systemic corticosteroids without requiring discontinua-
tion of therapy. However, in rare cases with persistent
vision loss, stopping the drug may be necessary.

Miscellaneous

Sulfa Drugs

Sulfa-containing drugs such as sulfonamides, acetazolamide,
hydrochlorothiazide, and topiramate can cause ocular
effects involving the ciliary body and choroid, including
edema, choroidal effusion, and lens swelling. These
changes may lead to transient myopia, retinal folds,
shallow anterior chamber, or angle-closure glaucoma. FA
typically shows no vascular leakage, suggesting that
retinal folds are due to vitreous traction from axial changes
rather than vascular pathology. These effects are usually
reversible upon drug discontinuation.”

Phosphodiesterase-5 Inhibitors

Phosphodiesterase-5 (PDE-5) inhibitors, such as sildenafil,
are used for pulmonary hypertension and erectile
dysfunction by enhancing cyclic guanosine monophosphate-
mediated smooth muscle relaxation. They also inhibit
retinal PDE-6, disrupting phototransduction and sodium
channel regulation in photoreceptors. Reported ocular
effects include anterior ischemic optic neuropathy,
subretinal hemorrhage, CSC, and extraocular muscle
palsy. A common dose-dependent effect is bluish
dyschromatopsia, typically appearing 1-2 hours post-dose.
OCT in long-term or high-dose use may reveal EZ

" While most visual

hyperreflectivity or disruption.
symptoms resolve within 24 hours, rare cases of persistent
photoreceptor damage lasting up to a year have been

described.

Alkyl Nitrites

Alkyl nitrites (“poppers”) are volatile recreational drugs
linked to retinal toxicity, particularly after the 2006 UK
switch from isobutyl to isopropyl nitrite, though amyl
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Figure 8 (A-B) Color fundus photographs of both eyes showing central macular striae and subretinal fluid. (C-D)

Optical coherence tomography from another patient receiving checkpoint inhibitor therapy demonstrates subretinal

fluid consistent with a Vogt-Koyanagi-Harada (VKH)-like presentation.

isobutyl nitrite has also been implicated. The proposed
mechanism involves nitric oxide-mediated photoreceptor
dysfunction.”” Patients typically present with central visual
disturbances (blurred vision, scotomas, metamorphopsia,
phosphenes). Fundus findings range from normal to yellow
foveal lesions, but OCT is most sensitive, revealing
photoreceptor disruption, vitelliform-like deposits, or outer
retinal microholes. As the condition may mimic photic
injury, a detailed history of exposures is essential.
Symptoms often improve with drug cessation, but
structural retinal changes usually persist, and complete
recovery is uncommon.®

Anaplastic Lymphoma Kinase Inhibitors

Anaplastic lymphoma kinase (ALK) inhibitors, including
crizotinib, ceritinib, alectinib, brigatinib, lorlatinib, and
entrectinib, are targeted therapies for non-small cell lung
carcinoma. The most common ocular side effect is impaired
light-dark adaptation, often presenting as light trails
following moving objects.”” Other symptoms include blurred

12 J Med Urban Health 2026;70(1):e7152

vision, photopsia, photophobia, floaters, diplopia,
accommodation difficulty, and visual field defects.
Structural changes such as macular edema, cataracts,
and vitreous detachment have also been reported.
These visual disturbances typically improve over time
without requiring dose adjustment.

Illicit and Controlled Substances

Cocaine

Cocaine, derived from the Erythroxylon coca plant,
exerts potent vasoconstrictive effects through
benzoylmethylecgonine, a vasoactive metabolite
that enhances sympathetic activity by blocking sodium
channels. These physiological effects can lead to ocular
complications, including retinal hemorrhages, alterations
in vessel caliber, microvascular changes, and vascular
occlusions (Figure 9), Cocaine use has also been
associated with acute macular neuroretinopathy, retinal
vasculitis, posterior uveitis, and frosted branch angiitis.”
However, differentiating these manifestations from those
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Figure 9 (A-B) Color fundus photographs and fluorescein angiography of both eyes eyes reveal multiple cotton

wool spots and corresponding areas of blockage on angiography (C-D), consistent with Purtscher-like retinopathy

in a patient with a history of cocaine use.

caused by other systemic conditions such as inflammation,
trauma, hypotension, or eclampsia is often difficult.
A detailed clinical history, including inquiry into substance use,
is essential for accurate diagnosis and appropriate management.

Methamphetamine

Methamphetamine, a potent psychostimulant related to
amphetamine, produces sympathomimetic effects and
systemic cardiovascular and neurological complications.
Ocular toxicity, reported in both humans and animal
models, includes anophthalmia, microphthalmia, retinal
folding, optic disc hypoplasia, scleritis, crystalline
retinopathy, vascular occlusions, hemorrhages, and
vasculitis.”” These effects likely stem from oxidative
stress and vascular spasm, causing vasoconstriction,
ischemia, and retinal vascular injury.”

Cannabis and Cannabinoids

Cannabis is widely used and linked to ocular effects
including eyelid tremors, ptosis, corneal opacification,
reduced corneal healing, and retinal vascular changes.

J Med Urban Health 2026;70(1):e7152

Mediated via CB1/CB2 receptors, it has been associated
with branch retinal artery occlusion, central retinal vein
occlusion, and hemorrhagic macular infarction.” Once
considered for glaucoma therapy, it is no longer
recommended due to only transient IOP reduction.’

CONCLUSION

A wide range of systemic medications, both prescribed
and illicit, can cause retinal and choroidal toxicity. Diagnosis
often depends on recognizing characteristic retinal patterns,
making a thorough drug and substance use history
essential. Toxicity may occur at any dose level. Illicit
substances like methamphetamine, cocaine, and synthetic
cannabinoids are increasingly implicated. As new agents
emerge, clinicians must stay vigilant. Prompt identification
and withdrawal of the offending drug are key to preserving
vision. However, in some cases—such as with
hydroxychloroquine and PPS—retinal toxicity may
persist or even progress despite discontinuation,
underscoring the need for early detection and long-term
monitoring.
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INTRODUCTION

ABSTRACT

A fungal ball in the lateral recess of the sphenoid sinus (LRSS) is a rare entity,
particularly when it presents atypically as facial hypoesthesia. Due to its deep
location and proximity to critical neurovascular structures, it can present with
atypical symptoms and radiological features that can mimic skull base malignancy,
complicating diagnosis. Only one similar case has been previously reported in
the literature. We report a case of a 59-year-old male who presented with a
one-month history of progressive headache and left facial numbness. Neurological
examination revealed diminished pinprick sensation in the infraorbital nerve
distribution. A computed tomography showed a hypodense mass with rim
calcification and pterygoid bone erosion adjacent to the left sphenoid sinus,
raising suspicion of an invasive skull base lesion. The patient underwent
endoscopic transpterygoid sphenoidotomy, which revealed fungal concretions
encased within a bony partition in the LRSS. Histopathological analysis confirmed
Aspergillus spp. without mucosal invasion or malignancy. Postoperatively, the
patient recovered from facial numbness and had an uneventful one-year follow-up.

Keywords: fungus, fungal ball, lateral recess, endoscopic sinus surgery,
transpterygoid approach

Fungal rhinosinusitis (FRS) is a spectrum of conditions
classified into non-invasive and invasive forms, each
with distinct clinical features, management strategies,
and prognoses. Non-invasive FRS includes saprophytic
fungal infestation, fungal ball, and allergic fungal
rhinosinusitis (AFRS); these forms are typically
confined to the sinus cavity without mucosal or bony
invasion and often present with mild or nonspecific
symptoms such as nasal congestion, purulent rhinorrhea,
or facial pain." AFRS frequently occurs in atopic
individuals and is characterized by nasal polyposis
and eosinophilic mucin containing fungal hyphae."”

In contrast, invasive fungal rhinosinusitis (IFRS)
is categorized into acute and chronic forms, with the
acute type rapidly affecting immunocompromised
patients and often resulting in severe complications
such as orbital or intracranial involvement, while the
chronic form progresses more slowly and can affect
immunocompetent hosts."® Invasive types are associated
with a significantly worse prognosis and require
immediate surgical intervention, antifungal therapy,
and correction of immune status, unlike non-invasive
forms, which rarely threaten life. This distinction is

important to prevent potentially catastrophic outcomes."**
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The fungal ball is a non-invasive form of FRS that
causes mucosal inflammation and bone reaction without
soft tissue or vessel invasion on histopathological
examination.""® It is commonly found in the maxillary
sinus of immunocompetent, middle-aged women."’
Meanwhile, sphenoid sinus fungal ball (SSFB) is the
second most commonly involved sinus (approximately
10%) after the maxillary sinus, often occurring in
elderly patients and in the smaller side of the sphenoid
sinus."*”®
The sphenoid sinus is located deeply within the
skull, adjacent to the middle cranial fossa and
cavernous sinus. In a very well-pneumatized sphenoid,
the lateral recess can be found in the adjacent
pterygoid bone, lateral to the foramen rotundum and
vidian canal. Although fungal ball in the sphenoid is
not uncommon, a fungal ball confined exclusively to
the lateral recess of the sphenoid sinus (LRSS), with
almost complete ossified bone septation between the
sinus and recess, has never been reported in the
literature to our knowledge. The location of isolated
LRSS is also challenging, as it cannot be readily
accessed via conventional sphenoidotomy.

The fungal ball of the sphenoid sinus commonly
presents with headache, retro-orbital pain, postnasal

> However, this report describes

drip, or visual loss.
a fungal ball located in the LRSS, atypically presenting
with numbness of cranial nerve V2 (CNV2), demonstrating
calcified septation between the sphenoid sinus and
the LRSS on computed tomography (CT), and requiring
an endoscopic transpterygoid approach for removal of

the fungus.

CASE REPORT

A 59-year-old Thai male presented with a progressive
left-sided headache for one month. He also reported
left-sided facial numbness but denied sinonasal
symptoms, facial pain, facial palsy, ocular symptoms,
or loss of smell. He had no significant past medical
history, including absence of underlying disease,
use of immunosuppressive therapy, recent antibiotics,
or herbal medicines.

On physical examination, bilateral inferior
turbinate hypertrophy was noted, with no evidence
of discharge from the osteomeatal complex or
sphenoethmoidal recess. No nasal polyps or mass
were detected. Neurological examination revealed
decreased pinprick sensation in the distribution of the
CNV2. Ophthalmologic assessment showed bilateral
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visual acuity of 20/40 with full extraocular muscle
movement, negative relative afferent pupillary defect,
and normal light reflex.

A contrast-enhanced CT scan of the paranasal
sinuses demonstrated almost complete opacification
of the left sphenoid sinus with a hypodense mass
surrounded by ring enhancement. Bony erosion was
identified at the inferomedial plate of the pterygoid
process. Based on these findings, the provisional
diagnosis included a sphenoid sinus tumor with bony
erosion and cranial nerve involvement (Figure 1).

The operation started with left uncinectomy,
maxillary antrostomy, complete anterior and posterior
ethmoidectomy, and wide sphenoidotomy. After the
sphenoid sinus was opened via the transethmoidal
approach, the mucosa within the sinus was markedly
swollen, making visualization and access to the LRSS
difficult despite the application of topical decongestant.
In routine sphenoidotomy, if the LRSS is not readily
visible after lateral widening of the ostium, surgeons
would avoid drilling or removing the lateral wall
because of the risk of internal carotid artery (ICA)
injury. Consequently, the left transpterygoid approach
was performed by removing the pterygoid base that
forms the anterior wall of the LRSS to directly access
the pathology.

The lateral nasal wall mucosa over the palatine
bone at the posterior wall of the maxillary sinus was
elevated, and the sphenopalatine artery (SPA) was
identified. The crista ethmoidalis of the palatine bone
was removed using a Kerrison Rongeur, and SPA
ligation was performed with bipolar cautery and
subsequently cut. The periosteum and contents of
medial pterygopalatine fossa were tracked laterally,
until reaching the pterygoid base of the sphenoid
bone, where the vidian nerve from the vidian canal
and CNV2 from the foramen rotundum could be
identified. However, the vidian nerve was inevitably
sacrificed to achieve maximum exposure of the LRSS.
Finally, the base of the pterygoid bone was drilled to
provide access to the lateral recess and to fully
delineate all walls of the LRSS.

Intraoperative findings revealed a fungal
concretion encased within a bony partition separating
the lateral recess from the sphenoid sinus cavity.
Localized bony erosion was noted at the base of the
pterygoid bone. The mucosa appeared mildly pale and
polypoid without ischemic or necrotic changes. The
fungal concretion and adjacent mucosa were sent for

https://doi.org/10.62691/jmuh.2026.7154
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Figure 1 Computed Tomography scan showing opacification of the left sphenoid sinus with sclerotic bone change,

a hypodense lesion with peripheral hyperdensity within the lateral recess of the sphenoid sinus (LRSS), and erosion

of the greater wing of the sphenoid bone: coronal (A) and axial (B) views. Magnetic Resonance Imaging reveals a

hypointense lesion within the left sphenoid sinus and lateral recess on a T1-weighted image (C), and a hyperintense

lesion within the left sphenoid sinus together with a hypointense lesion within the left LRSS (D).

pathological examination, including Gomori Methenamine
Silver (GMS) and Periodic Acid-Schiff (PAS) staining
for fungal identification. The sclerotic septation bone
between the lateral recess and the main sphenoid
sinus was drilled to reconnect the sphenoid sinus
cavity and the lateral recess (Figure 2).

Postoperatively, the patient was advised to use
budesonide 1 mg mixed with 250 mL normal saline
for nasal irrigation once daily in the morning, and
saline irrigation alone in the evening. Oral amoxicillin-
clavulanic acid 1000 mg was also prescribed twice
daily for 7 days.

The pathological report confirmed the presence
of fungal hyphae consistent with Aspergillus spp.
without evidence of mucosal invasion or malignancy.
At the four-week follow-up, the patient developed dry
eye, which was evaluated by an ophthalmologist and
managed with artificial tear drops. At the three-month
follow-up, the facial numbness had significantly
improved, and the dry eye had completely resolved.
There was no recurrence of the fungal ball, after

J Med Urban Health 2026;70(1):e7154

one-year follow-up.

The study was approved by the Ethics
Committee of Rajavithi Hospital (Trial No. 67015) on
March 20", 2024.

DISCUSSION

Fungal ball is classified as a secondary localized
chronic rhinosinusitis according to the European
Position Paper of Rhinosinusitis and Nasal Polyps
2020.” Fadda et al. outlined clinicopathological
diagnostic criteria for fungal ball, which include sinus
opacification with or without flocculent calcification,
presence of cheesy or clay-like material within the
sinus, matted and dense conglomeration of hyphae
separate from sinus mucosa, chronic inflammatory
response without eosinophil predominance,
granulomatous response, or allergic mucin, and no
histologic evidence of fungal invasion of mucosa, blood
vessels, or underlying bone."” In clinical practice, the
diagnosis of a fungal ball is primarily based on the
presence of fungal concretions within the paranasal
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Figure 2 (A) Intraoperative findings of the transpterygoid approach showing the sphenoid sinus, base of the pterygoid

process, vidian canal (asterisk), and foramen rotundum (triangle). (B) After drilling the base of the pterygoid

process, the lateral recess of the sphenoid sinus (LRSS) was exposed, and the bony partition (dashed line) was

visualized; the fungal ball was partially visible (arrow). (C) Surrounding soft tissue and bone were drilled, and the

fungal ball was fully exposed (arrow). (D) The fungal ball was removed through irrigation and suction.

sinus, without the features of AFRS or IFRS. Despite
our patient presenting with cranial nerve involvement
and bony destructive lesion of the pterygoid bone, the
diagnosis remains consistent with fungal ball based
on the pathological criteria.

The sphenoid sinus represents the second most
frequent site of fungal ball involvement following
maxillary sinus, with reported prevalence rates ranging
from 10% to 25% across studies.”’®" Current
demographic data indicate a predilection for
immunocompetent elderly female patients, though the
precise pathophysiological mechanisms underlying this

epidemiological pattern remain under investigation.”*"

4 J Med Urban Health 2026:;70(1):e7154

While definitive risk factors remain unestablished,
clinical observations suggest potential associations
with prior sinonasal surgical interventions and diabetes

,6,12
*%12 Fyrthermore,

mellitus in select case series.
Meerwein et al. found that the smaller sphenoid side
may be more frequently affected (78%).°

Clinical presentations of SSFB include headache,
retro-orbital pain, postnasal drip, or visual loss.”"
Furthermore, atypical presentations such as facial
numbness, hyposmia, or hypogeusia have also been
reported.” Some SSFB patients who visit the clinic
without any symptoms may have incidental findings

on CT or magnetic resonance imaging (MRI) performed

https://doi.org/10.62691/jmuh.2026.7154
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for other reasons. Facial numbness in the distribution
of CNV2 is a distinctive clinical presentation in this case.

Jiang et al. reported the symptoms of 77
patients with SSFB including: headache (79.2%),
rhinological symptoms (29.9%), eye symptoms (7.8%),
and asymptomatic (9.1%).° Likewise, Leroux et al.
observed in 24 patients that 62% had headache, 21%
had rhinological symptoms, and 16% were asymptomatic.
Notably, only one patient in their study presented
with CNV2 hypoesthesia.” Hence, this rare presentation
of CNV2 hypoesthesia in our patient with SSFB
underscores the importance of considering a wide
range of symptoms when evaluating patients with
SSFB.

The bony walls of the paranasal sinuses can
be affected by pathology within the sinus cavity.
Chronic rhinosinusitis with or without nasal polyps
produces persistent inflammation of the sinus wall,
which consequently leads to proliferation of the
periosteum, bone remodeling, and neo-osteogenesis,
manifesting as osteitic or sclerotic bone changes on

13,14

radiographic study. Furthermore, benign sinonasal
tumors such as inverted papilloma, mucocele, AFRS
and fungal balls progressively increase intrasinus
pressure against the sinus walls and similarly enhance

. 15,16
neo-osteogenesis.""'

Conversely, in cases of sinonasal
malignancy or IFRS, these diseases invade the sinus
walls and compromise the vascular supply, resulting

in bone resorption and erosion.""’

Considering this
case, the pattern of bone erosion raises concern for
aggressive disease, as it lacks the bony strut typically
seen in inverted papilloma, the localized sclerotic
bone found in a typical fungal ball, the diffuse
osteoneogenesis characteristic of AFRS, or the sinus
wall ballooning expansion observed in mucocele.
Specifically, osteolytic lesions in fungal ball
cases are less common than sclerotic lesions. The
prevalence of osteolysis compared to sclerosis in SSFB
has been reported in several studies: Jiang et al.
observed 41.6% vs. 93.5%, Leroux et al. found a
prevalence of 25% vs. 44%, and Kim et al. reported
40% vs. 64%°° The underlying pathophysiology of
osteolytic bone lesions is not fully understood, but it
is hypothesized to result from mechanical pressure,
chronic inflammation, and/or fungal metabolites and

11.15,18
enzymes.

In our case, the bone erosion may have
resulted from a combination of the hypothesized

mechanisms, whereby the fungal concretion was

J Med Urban Health 2026;70(1):e7154

confined within a small partition of the sphenoid sinus
characterized by marked mucosal inflammation and
bony septation. This anatomical configuration limited
effective drainage into the sphenoid antrum, thereby
increasing pressure within the LRSS, while fungal
enzymes further disrupted normal bone healing and
resorption processes. Thus, fungal ball should remain
a consideration in the differential diagnosis for
sphenoid sinus wall erosion on CT or MRI, even though
sinonasal malignancy and IFRS should be of greater
concern.

Endoscopic sphenoidotomy is the preferred
treatment for removing fungal balls in the sphenoid

sinus.”®"

Meier et al. reviewed forty-three patients
with SSFB who underwent sphenoidotomy using
different approaches, including transethmoidal
sphenoidotomy (76.7%) and transnasal sphenoidotomy
(23.3%), to provide sufficient access.'” However, the
transpterygoid approach may be necessary in cases
where the tumors or tumor-like lesions are located in
the LRSS.""?° This approach involves partial or total
removal of the pterygoid bone, enabling access to
deeper anatomical regions, including the pterygopalatine
fossa, LRSS, petrous apex, Meckel's cave, infratemporal
fossa, and the middle or posterior skull base.”

In this case, anterior removal of the pterygoid
base was required to access the LRSS. This was
achieved by first identifying the vidian nerve and
CNV2, followed by drilling the anterior face of the
LRSS between both important landmarks. Through this
approach, the fungal ball was adequately removed
without limitation from the bony septum between the
sphenoid antrum and LRSS. This necessity justified
selecting the transpterygoid approach over the transnasal
or transethmoidal approaches, which are more
commonly used for fungal balls of the sphenoid sinus
but may not provide sufficient access in scenarios
where the fungal concretion is not connected to the
main part of the sphenoid sinus.

The major concern with the transpterygoid
approach is the risk of intraoperative and postoperative
complications. Injury to critical structures such as the
ICA and orbit may occur, particularly in cases of
limited surgical experience or poor visualization.”"”'
Good anatomical knowledge, surgical skills, and the
use of navigation systems can help minimize these
risks. Li et al. classified pterygoid process pneumati-
zation into three types: 1.) no identifiable LRSS, 2.)

https://doi.org/10.62691/jmuh.2026.7154 5
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superolateral pneumatization toward the greater wing
of the sphenoid without extension below the vidian
canal, and 3.) pneumatization of both the greater wing
and the caudal pterygoid process.”” In some cases,
the vidian nerve can be preserved; however, lesions
involving the superior or lateral wall of the LRSS may
necessitate vidian neurectomy to achieve full exposure
and surgical freedom. In the present case, the vidian
nerve was sacrificed to maximize exposure of the
LRSS and to allow evaluation of its mucosa and bony
walls. The study of Lyu et al. show 16.7% develop
dry eye at 1-2 month after vidian neurectomy, but the
symptoms spontaneously resolved by 3-4 months with
only conservative management such as artificial tears.”
Preoperative counseling and postoperative ophthalmologic
monitoring for dry eye are therefore essential.

Histopathology is essential for diagnosing and
differentiating FRS, particularly distinguishing non-
invasive fungal balls from IFRS. Routine fungal staining,
such as GMS and PAS, confirms fungal elements and
identifies pathogens. Biopsy of surrounding mucosa
and bone helps rule out malignancy or secondary
infections, especially in cases with bony erosion.
Early histopathological confirmation facilitates
appropriate next surgical intervention, if needed,
reducing the risk of disease progression and
recurrence.”* Fungal culture is less important in cases
of fungal balls, as only 30% vyield growth, and
Aspergillus fumigatus is typically identified.”® A fungal
ball was finally confirmed in our case, even though
the preoperative findings suggested IFRS or sinonasal
malignancy.

The transpterygoid approach was successfully
employed for the fungal ball in the LRSS in our case.
At the three-month follow-up, the CNV2 hypesthesia
had spontaneously resolved, and there was no disease
progression or recurrence at one year. Consequently,
the temporary CNV2 numbness was more likely at-
tributable to nerve compression or fungal toxin effects
than to direct invasion or permanent neural injury.
Our case presentation demonstrates a rare finding of
unilateral SSFB confined to the LRSS. The lesion is
localized with sclerotic septation between the lateral
recess and the sinus, mimicking a tumor within the
pterygoid bone. The case also involved facial numbness
in the CNV2 area, which completely resolved after
surgery.

6 J Med Urban Health 2026;70(1):e7154

CONCLUSION

SSFB can mimic invasive fungal sinusitis or malignancy
due to bony erosion and cranial nerve involvement,
but it remains a non-invasive entity. CNV2 hypesthesia
can occur without foramen rotundum erosion, likely
due to local inflammation, bone reaction, or toxin
release. An endoscopic transpterygoid approach is
recommended for direct access to the LRSS. The
SSFB should be included in the differential diagnoses
of skull base lesions with cranial nerve involvement
and bony erosion.
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