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Case Report

Hyperthermic intrathoracic chemotherapy in overcoming tyrosine
kinase inhibitor resistance in a patient with malignant pleural
effusion: a case report
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Background: Lung cancer remains a global health challenge, with an incidence of 23% and an overall 5-year
survival of only 19%, as nearly half newly diagnosed cases are at the advanced stages. Among Asian patients,
over 50% of lung cancer cases carry epidermal growth factor receptor (EGFR) mutations, highlighting
the significance of targeted therapy, mainly EGFR tyrosine kinase inhibitors (TKIs). However, acquired
resistance to EGFR-TKIs inevitably occurs, representing a persisting challenge in cancer therapy. Malignant
pleural effusion, characterized by lack of blood circulation in the pleural cavity, is commonly found in
patients who develop resistance to EGFR-TKIs. Therefore, with traditional drug administration methods,
primarily oral or intravenous, drug concentration within the pleural cavity is often insufficient. Hence,
traditional therapy, which consists of oral and intravenous medication, along with pleural cavity drainage,
often fails to yield a satisfactory outcome.

Case Description: We report a case in which hyperthermic intrathoracic chemotherapy (HITHOC) was
administered in a 50-year-old male patient with malignant pleural effusion and resistance to third-generation
TKIs. HITHOC significantly reduced the tumor burden of the patient and helped restore sensitivity to
third-generation TKIs.

Conclusions: We believe that HITHOC can efficiently improve the drug concentration within the pleural
cavity, thereby reducing the tumor burden and eliminating potential TKI-resistant tumor subclones in the

patient. This mode of therapy may prove valuable in overcoming TKI resistance.
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Introduction
Background

Lung cancer has an incidence of 23% and an overall 5-year
survival of only 19%, constituting a global health crisis, with
nearly half of new cases being diagnosed at the advanced
stages (1). Among Asian patients, over 50% of lung cancer
cases carry epidermal growth factor receptor (EGFR)
mutations, and thus targeted therapy, mainly that involving
EGFR tyrosine kinase inhibitors (TKIs), is particularly
critical (2). However, acquired resistance to EGFR-TKIs
inevitably occurs in patients, but the mechanism related
to its emergence remains unclear (3). Malignant pleural
effusion is commonly found in patients who develop
resistance to EGFR-TKIs (4). This centrally involves the
pleural cavity, which is located between the chest wall and
lung, is anatomically defined as the “third space” (5).

Study rationale

Due to lack of blood circulation in the pleural cavity,
traditional drug administration methods, primarily oral or
intravenous, often result in insufficient drug concentration
within the pleural cavity. Therefore, traditional therapy,
consisting of oral or intravenous medication along with
pleural cavity drainage, does not yield a satisfactory
outcome. Hyperthermic intrathoracic chemotherapy

Highlight box

Key findings

* Hyperthermic intrathoracic chemotherapy (HITHOC)
implemented in a patient facilitated a higher drug concentration in
the pleural cavity and thus effectively eliminated pleural metastatic
lesions and contributed to reduced tumor burden.

e HITHOC improves the sensitivity of tumor cells to third-
generation epidermal growth factor receptor tyrosine kinase
inhibitors.

What is known and what is new?

* Resistance to targeted therapy inevitably occurs in patients with
cancer and remains a key clinical challenge.

e HITHOC can effectively increase the drug concentration and
efficacy within the pleural cavity, thereby reducing tumor burden
and improving sensitivity to targeted therapy.

What is the implication, and what should change now?

¢ Patents with pleural metastasis can benefit from HITHOC.

e HITHOC can reduce tumor burden, thereby improving sensitivity
of tumor cells to targeted therapy.
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(HITHOC), first reported in a review in 1997, has
been applied in the treatment of patients with pleural
disseminated lesion and/or malignant pleural effusions
for over a quarter of a century (6-8). Perfusion at above-
body temperature levels and the administration of the
chemotherapy drug directly to the pleural cavity at a high
concentration (relative to intravenous administration) can
effectively eliminate both solid tumors in the pleural cavity
and malignant pleural effusions.

Overview

We report a case in which HITHOC was applied in a
patient with malignant pleural effusion and resistance to
third-generation TKIs, which resulted in a significant
decrease of tumor burden. From a clinical perspective,
we also discuss the possible factors contributing to
tumors developing resistance to TKIs and suggest
possible managing strategies. We believe that HITHOC
complements the limitations of oral and intravenous drug
administration, thereby enhancing the treatment efficacy
of therapy against metastatic lesions within the pleural
cavity. We present this article in accordance with the CARE
reporting checklist available at (https://tlcr.amegroups.com/
article/view/10.21037/tlcr-2024-1252/rc).

Case presentation

A 50-year-old Asian male attended hospital on November
17, 2020, due to sustained blood-tainted sputum and
dull pain both in the chest and back lasting for a month.
Computed tomography (CT) and positron emission
tomography-CT (PET-CT) scans revealed a potentially
malignant nodule in the anterior segment of the left upper
lung lobe (27 mm x 17 mm x 21 mm), along with pleural
metastasis (Figure I). Biopsy confirmed adenocarcinoma
of the lung, and blood tests indicated an elevated
carcinoembryonic antigen (CEA) level of 53.28 ng/mL.
The tumor carried the EGFR p.L858R mutation, as
confirmed by DNA next-generation sequencing (NGS) of
plasma cell-free DNA (cfDNA). The patient was started
on oral osimertinib therapy, which led to the resolution
of his symptoms (Figure I). In routine follow-up sessions,
sustained shrinkage was observed. However, a follow-up
PET-CT scan on May 1, 2023, showed tumor enlargement
(13 mm x 12 mm x 17 mm). Subsequently, the patient
underwent wedge resection on May 7, 2023, at which time
nodular thickening of the pleura was surgically removed.
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Figure 1 A detailed timeline of the patient’s treatment course. Despite the tumor having a sustained EGFR-sensitive p.LL858R mutation,
resistance to third-generation TKIs including osimertinib and almonertinib developed. However, after HITHOC, the patient regained
sensitivity to such medication, highlighting the viability of HITHOC as a possible treatment for restoration of sensitivity in this scenario.
PET, positron emission tomography; CT, computed tomography; NGS, next-generation sequencing; EGFR, epidermal growth factor
receptor; SYSU, Sun Yat-sen University; CEA, carcinoembryonic antigen; VATS, video-assisted thoracic surgery; HITHOC, hyperthermic

intrathoracic chemotherapy; TKI, tyrosine kinase inhibitor.
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Figure 2 The change in CEA level over time reflected the tumor burden of the patient. In June 24, 2024, the CEA level was measured at
the highest level, 376.47 ng/mL. The CEA level measured the day after the last HITTHOC session was 247.3 ng/mL. This drastic decrease
suggested that the patient responded well to HITHOC. Furthermore, after the patient was discharged, the CEA level continued to decline,

indicating that the patient regained sensitivity to targeted therapy. CEA, carcinoembryonic antigen; HITHOC, hyperthermic intrathoracic

chemotherapy.

Video 1 Surgical video recorded on June 28, 2024, showing
thorough release of the pleural adhesions and removal of protein

exudate.

Postoperative pathology suggested that the tumor (15 mm
x 14 mm x 13 mm) was moderately differentiated and
consisted of acinar adenocarcinoma (70%), papillary
adenocarcinoma (25%), and micropapillary adenocarcinoma
(5%). Lymph node metastasis was positive, and tumor cell
infiltration into the pleura was surgically removed. There was
no vessel carcinoma embolus or neural or pleural invasion.
NGS performed on the tumor specimen also indicated an
EGFR p.LL858R mutation. Thus, osimertinib treatment was
continued with routine follow-up (Figure 2). On March 1,
2024, the CEA level was measured at 19.3 ng/mL, which
rose to 26.1 ng/mL on March 26, 2024, suggesting possible
drug resistance. Osimertinib was then replaced by another
third-generation TKI, almonertinib, on April 1, 2024.
However, the blood CEA level was observed to increase
from 28.71 ng/mL on April 9, 2024, to 29.98 ng/mL on
April 18, 2024, and from 36.8 ng/mL on May 16, 2024,

© AME Publishing Company.

to 60.4 ng/mL on May 28, 2024. By June 12, 2024, the
CEA level was 227.4 ng/mL. On June 13, 2024, another
PET-CT scan was performed, which indicated disease
progression, including the thickening of nodular lesions
in the pleura and malignant pleural effusion. These results
suggested resistance to third-generation TKIs. Rebiopsy
was performed on the pleura and indicated adenocarcinoma
infiltration in the connective tissue. Subsequent
NGS confirmed the EGFR p.L858R mutation, EGFR
amplification, and TP53 p.V157F mutation of the tumor.
The patient was admitted to The Sixth Affiliated
Hospital, Sun Yat-sen University on June 23, 2024. The
CEA level was 376.47 ng/mL on June 24, 2024. A CT scan
performed on June 25, 2024, indicated that the tumor was
primarily localized in the left pleural cavity and that distal
metastasis was absent. Video-assisted thoracic surgery
(VAT'S) and pleural biopsy were performed on June 28,
2024, and intraoperative frozen-section pathological
examination on the nodular lesions of the pleura confirmed
the diagnosis of lung adenocarcinoma. During surgery,
pleural adhesions were thoroughly released, and protein
exudates were removed (Video 1). An upper perfusion
catheter (fluid inflow) was placed in the second intercostal
space along the midclavicular line, while a lower perfusion
catheter (fluid outflow) was placed in the seventh intercostal
space along the lateral chest wall (Figure S1). HITHOC
was performed on days 1, 3, and 5 after the surgery; that
is, on July 1, 3, and 5, 2024, respectively. The BR TRG-II
hyperthermic perfusion intraperitoneal treatment system
(Bright Medical Tech, Guangzhou, China) was applied for
60 minutes with a flow rate of 400 to 600 mL/min. The
temperature was set at 46+0.1 °C during the perfusion, and
135 mg of cisplatin was added into 3 liters of saline and
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administered to the patient twice, while only 3 liters of
saline were supplied the third time. The patient responded
well to surgery and HITHOC, and the CEA level fell
from 376.47 ng/mL on June 24, 2024, to 247.3 ng/mL
on July 6, 2024, the day after the last HITHOC session.
During HITHOC, the patient developed pneumothorax.
We successfully resolved this by perfusing hyperosmolar
50% glucose solution to the patient’s pleural cavity.
After HITOHC, oral almonertinib was continued, and
intravenous pemetrexed was prescribed to the patient
to further consolidate the effect of HITHOC on July
12, 2024. The patient was discharged on July 14, 2024.
Further combination therapy included oral almonertinib,
intravenous cisplatin, and pemetrexed (Figure I). The CEA
level continued to fall: on July 22, 2024, it was 64.52 ng/mL,
and at the latest measurement on October 29, 2024, it was
4.65 ng/mL.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the
Declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from the patient for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Discussion
Key findings

In this case, we discovered that applying HITHOC
to a patient harboring pleural metastatic lesions could
significantly reduce tumor burden and improve sensitivity
to third-generation TKIs.

Strengtbs and limitations

In this case report, we applied HITHOC to a patient
harboring resistance to third-generation EGFR-TKIs and
pleural oligometastatic lesion. We successfully reduced
tumor burden and increased tumor sensitivity to third-
generation TKIs. However, due to a relatively short follow-
up, it remains unclear whether the patient can benefit from
HITHOC and subsequent combination therapy. HITHOC
requires specified medical instrumentation, limiting the
accessibility of this therapy. Further clinical and mechanism
research on HITHOC could further improve the clinical
understanding of this therapy, including but not limited to

© AME Publishing Company.

Jiang et al. HITHOC in overcoming EGFR-TKI: a case report

the appropriate time for applying HITHOC and its efficacy.

Comparison with similar reports

Recent years have witnessed the emergence of numerous
therapies for lung carcinoma. Among them, targeted
therapy has been widely applied, as it can achieve long-term
tumor regression with minimum side effects compared to
other therapies such as chemotherapy. However, acquired
resistance to targeted therapies inevitably emerges,
and post-resistance treatments remain a challenge (3).
Therefore, strategies for sustaining the sensitivity of the
tumor to targeted therapies have considerable potential
for improving the prognosis of patients. We believe that
the following three factors may affect the emergence and
development of resistance to targeted therapies: genetic
alteration patterns, combinational medication, and tumor
burden.

We speculate that complex genetic alteration patterns
may contribute to the heterogenicity of tumors. In
approaches in precision medicine, such as in targeted
therapy, tumors with high levels of heterogenicity are more
likely to develop resistance. The BENEFIT trial examined
the correlation of genetic alterations and the efficacy of the
first-generation TKI, gefitinib (9). The median progression-
free survival (mPFS) for patients carrying the EGFR mutation
alone was 13.2 months. In comparison, the mPFS for those
carrying both the EGFR mutation and tumor-suppressor gene
mutation (7P53, RB1, and PTEN) was 9.3 months. We also
noticed that for patients carrying both the EGFR mutation
and other driver gene mutations (MET, ERBB2, KRAS,
RET, and ROS-1), their mPFS was only 4.7 months. We
speculate that within tumor cells carrying multiple driver
gene mutations, numerous proliferation signaling pathways
can be activated simultaneously, and thus inhibiting the
EGFR pathway alone is not sufficient for suppressing tumor
growth and progression. Resistance to EGFR-TKIs within
such cells develops in the same manner.

Targeted therapy can precisely eliminate tumor cells
carrying certain driver gene mutations, thereby achieving
both satisfactory overall effectiveness and a low level of
side effects. However, as tumor subclones carrying sensitive
genetic alternations gradually are eliminated by targeted
therapy, the efficacy of such therapy decreases accordingly.
When the tumor stops shrinking, the patient eventually
arrives at so-called plateau stage. This phenomenon is
commonly observed among patients receiving targeted
therapy. Recent years have witnessed a series of research
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conducted on target therapy-based combinational
therapy aimed at improving the effect of targeted therapy.
Among these approaches, combining targeted therapy
with chemotherapy is relatively mature. The FLAURA
trial demonstrated that third-generation TKI osimertinib
alone could achieve a progression-free survival (PFS) of
18.9 months among patients with advanced stage non-small
cell lung cancer (NSCLC) (10). In the FLAURA? trial,
which examined the addition of chemotherapy, a PFS of
27.5 months was observed (11). As for the first-generation
TKI, icotinib, the ICOMPARE trial reported that compared
with an adjuvant targeted therapy for 1 year, extending this
regimen to 2 years could achieve a better median disease-free
survival (mDFS; 42.98 versus 32.89 months) (12). Moreover,
the more recent ICTAN trial reported that the combination
of oral icotinib with chemotherapy for 6 months yielded a
better DFS and OS as compared to chemotherapy alone (13).
We hypothesize that adjuvant chemotherapy sensitizes the
tumor to icotinib, thereby allowing icotinib to effectively
eliminate tumor in a shorter span of time, without negative
distal effects.

We believe that compared with targeting genetic
alteration patterns and applying combinational medications,
relieving tumor burden contributes to sensitizing tumor
to targeted therapy to a greater extent. A comparison
analysis of the FLAURA trial and ADAURA trial strongly
supports this opinion. In the FLAURA trial, after routine
follow-up for 18 months, almost 50% of patients developed
treatment resistance (median PFS 18.9 months) (10). In
comparison, in the ADAURA trial, fewer than 10% of the
patients developed resistance at the 18th month of regular
follow-up (14). The key underlying reason for this may be
the difference in tumor burden between the two trials. The
tumor was removed in the ADAURA trial but remained in
the FLAURA trial. A similar difference was observed for
icotinib, which yielded a PFS of 11 months among patients
with advanced-stage NSCLC receiving icotinib as first-line
therapy; in contrast, NSCLC yielded 2 years of PFS among
patients with early-stage NSCLC (15). Therefore, when
there is a risk of resistance to targeted therapy, appropriate
treatment to minimize tumor burden of the patient may
be a critical factor influencing the sensitivity of tumor to
targeted therapy, and therefore, the final outcome of the
patient.

Interpretation of findings

The treatment process of this patient points to certain
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key areas that should be emphasized in patients resistant
to targeted therapy. This includes not only pathological
transformation, genetic typing, and patterns of progression
but also the specific distribution of metastatic lesions.
According to our understanding, metastatic lesions in
lung cancer can be categorized into four major types:
conventional metastasis, barrier metastasis, space metastasis,
and barrier-plus-space metastasis. Conventional metastasis
sites have a rich blood supply, enabling effective action of
both intravenous and oral medications. However, treatment
of intracranial metastases, which are challenging due to
the blood-brain barrier, generally relies on small-molecule
targeted drugs to ensure good effect. Meanwhile, for
pleural metastasis, which located adjacent to the pleural
cavity space, HITHOC can be used to improve treatment
outcomes. Finally, leptomeningeal metastases, which
involve the blood-brain barrier and the subarachnoid space,
must be treated with a combination approach via high-dose
TKIs and intrathecal chemotherapy to enhance therapeutic
outcomes. As mentioned above, the pleural cavity is
anatomically defined as the third space. Due to lack of blood
circulation, the efficacy of drugs within this area is limited
in traditional oral or intravenous drug administration
methods. However, in HITHOC, through sustained high-
concentration chemotherapy (e.g., cisplatin solution),
“flushing” can be achieved, thereby effectively eliminating
tumor cells. Notably, due to the isolation of the blood
system, we can administer higher doses of chemotherapy via
HITHOC as compared to traditional intravenous routes,
without incurring greater risks to safety. An interesting
phenomenon that was observed during treatment was
the patient developing pneumothorax the first day after
HITHOC and not on the day after surgery. We suspect that
pleural metastatic lesions were eliminated by HITHOC,
resulting in the integrity of the pleura being compromised
and the subsequent development of pneumothorax.

Furthermore, NGS was performed after tumor
progression. A sustained EGFR-TKI-sensitive genetic
alteration was observed and thus indicated the continued
efficacy of TKI therapy. Therefore, the combinational
therapy of cisplatin, pemetrexed, and third-generation
TKI almonertinib was prescribed to the patient by our
medical team after HITHOC. Finally, after the patient was
discharged, the tumor burden of the patient and CEA the
level continued to decline.

In summary, applying HITHOC to patients with pleural
oligometastasis can contribute to minimizing the tumor
burden, thereby improving the sensitivity to targeted
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therapy and possibly reversing resistance.

Patient perspective

I am really grateful to the medical team at the Sixth-
Affiliated Hospital of SYSU. They helped me regain
sensitivity to third generation TKI. Now my quality of
life was much better than before, when I was carrying
those malignant pleural effusions. I had trouble even just
breathing. Now I am on regular follow-ups by this medical
team, and I am so glad to see that my CEA is maintained
at low level. I am delighted to see that my experience of
getting better may help people with similar dilemma.

Conclusions

For patients demonstrating resistance to targeted therapy
and carrying pleural oligometastatic lesions, HITTHOC can
minimize tumor burden, thereby improving the sensitivity
to targeted therapy and possibly restoring sensitivity to
TKIs.
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