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Abstract

systemic chemotherapy.

was 8 months.

inoperable peripheral NSCLC.

Background: Intratumoral chemotherapy (ITC) has been used by many groups; the combination of heat and
cytotoxic drugs increases the ability to destroy the malignant cells. The aim of this study was to assess the efficacy
and safety of percutaneous injection of hyperthermic chemotherapy in conjunction with systemic chemotherapy as
a palliative management of peripheral inoperable non-small cell lung cancer (NSCLC) compared to conventional

Results: There was a statistically significant improvement in quality of life score in group A and B, but deterioration
in group C after 6 months. As regards radiology, after 6 months in group A, one patient (10%) showed complete
response, 6 patients (60%) showed partial response, one patient (10%) stable response, and two patients (20%)
showed progression; in group B, 6 patients (60%) showed partial response, two patients (20%) showed stable
response, and two patients (20%) showed progression; and in group C, 7 patients (70%) showed progression, two
patients (20%) showed partial response, and one patient (10%) showed stable response. There were few
controllable complications. Median survival in group A was 16 months, in group B was 15 months, and in group C

Conclusion: Intratumoral hyperthermic chemotherapy is a promising, effective, harmless palliative therapy for

Keywords: Lung cancer, Locoregional, Hyperthermic chemotherapy

Background
Bronchogenic carcinoma is the main cause of cancer
deaths in which only 16% of patients are diagnosed at
earlier stage [1]. Most of patients at the time of diagnosis
are inoperable. Several studies postulated that debulking
of malignant mass has a significant role in improving
survival and enhancing quality of life. There are several
methods which have been used for palliative manage-
ment of locally advanced peripheral lung cancer [2].
Systemic administration of chemotherapy protocols
can lead to several adverse effects which can lead to
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stoppage of chemotherapy regimen with serious impacts
on health economics [3].

Locoregional administration of chemotherapeutic
drugs has been encouraged by many research groups as
emerging theoretical approach in the form of intratu-
moral chemotherapy (ITC) [4]. Hyperthermia in the
range of 40 to 45°C has a cytotoxic potential, and cells
are directly killed by this modality, also it modifies the
radiosensitivity or chemosensitivity of cells and tissues.
Thus, the effect of other modalities is enhanced by
sensitization through hyperthermia [5].

Hyperthermic intraperitoneal chemotherapy (HIPEC)
in patients with abdominal cancers had significant sur-
vival advantage compared to standard of care. Cisplatin
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is the mostly used agent for HIPEC as it has a direct
cytotoxic activity [6].

We need a palliative modality for peripheral non-small
cell lung cancer (NSCLC) that can reduce the side effect
of systemic chemotherapy and acts as a debulking
method for the tumor mass. The aim of our study was
to evaluate the efficacy and safety of percutaneous injec-
tion of hyperthermic chemotherapy plus systemic
chemotherapy as a palliative therapy of peripheral inop-
erable NSCLC compared to systemic chemotherapy.

Methods
The study was done at the Chest Department and On-
cology Center, Mansoura University, Egypt, from January
2017 to February 2019. Ethical agreement had been ob-
tained from the Institutional Research Board, Faculty of
Medicine, Mansoura University. Our study had been
registered in the Pan African Clinical Trial Registry
under the code PACTR201702001974160. Patients
signed informed consents after description of the study
protocol.

The included patients were subjected to random selec-
tion by closed envelope method and divided into 3
groups:

e Group A. Patients were treated with percutaneous
transthoracic intratumoral injection of hyperthermic
cisplatin (Cisplatin, Mylan) at 40—45 °C plus
systemic chemotherapy. Seven patients were
inoperable and 3 patients were unfit due to poor
cardiopulmonary reserve.

e Group B. Patients were treated with percutaneous
transthoracic intratumoral injection of cisplatin at
room temperature 20—25 °C plus systemic
chemotherapy as positive control group. Six patients
were inoperable, 3 patients were unfit due to poor
cardiopulmonary reserve, and one patient refused
surgery.

e Group C. Patients were treated with systemic
conventional chemotherapeutic protocol as negative
control group. Six patients were inoperable and 4
patients were unfit due to poor cardiopulmonary
reserve.

Inclusion criteria

Included patients fulfilled the following criteria: age
more than 18 years, histologically diagnosed peripherally
located NSCLC, who were not candidates for surgery be-
cause of poor cardiopulmonary status, inoperable ad-
vanced stage of lung cancer or refusal of surgery, and
were candidate for chemotherapy with good bone mar-
row reserve (white blood cell count > 3500/mm?, neutro-
phil count >1800/mm?® hemoglobin >10g/dL, and
hematocrit value > 30% [7]).
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Exclusion criteria

Patients with any of the following criteria were operable
or with uncorrectable bleeding diathesis, uncompensated
cardiac comorbidities, had malignancies other than
NSCLC (small cell lung cancer, metastasis, lymphoma,
sarcoma, others) or hypersensitive to cisplatin were
excluded.

All included patients were subjected to the following:

1. Clinical evaluation

(a) Thorough medical history followed by full
clinical examination. Quality of life score was
assessed [8].

2. Laboratory work up

(a) Complete blood picture, liver function, renal
function, coagulation tests, and arterial blood
gasses analysis

3. Radiological work up

(a) X-ray chest was done at presentation and in
every session post-injection to detect any
complication

(b) Computed tomography of the chest was done in
the following sequence:

I  Diagnosis with CT-guided tru-cut biopsy
and to evaluate the size by CT volume-
try, local extent of the tumor, and re-
gional lymph nodes, for treatment
planning and dose optimization; CT was
done again after 3 months and 6 months
of treatment.

II Radiological response was evaluated by
modified response evaluation criteria in
solid tumors (RECIST) for objective
evaluation of treatment responses [9].

(c) CT abdomen, CT brain and bone scan to
exclude of distant metastasis.

4. Fiberoptic bronchoscopy

(a) It was done for all patients at presentation for
endobronchial lesion and staging, using
bronchoscope (Pentax FB 19 TV) manufactured
by Pentax, Tokyo, Japan.

5. Staging

(a) Staging was done by the seventh TNM staging
for NSCLC [10] till publication of the 8th
edition; patients were staged according to 8th
edition [11].

6. Technique

(a) Ondansetron 8 mg was administered
intravenously 30 min before injection as a
central antiemetic.

(b) After disinfection of the skin with povidone
iodine, anesthesia was reached with local
injection of 2% lidocaine hydrochloride
(15-20 ml) into the skin and deeper tissues.
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(¢) CT or ultrasound was used to localize the
tumor and determine the ideal approach. We
selected the entry site least probable to injure
vessels or nerves and allowing a least depth of
the needle inside the lesion to decrease
displacement from patients’ breathing or
movement.

(d) Oxygen saturation and ECG was observed
during and 1 day after the technique.

(e) Hyperthermic or normothermic chemotherapy
(cisplatin) was injected (by conventional 50-ml
syringe surrounded by insulating cover) slowly
utilizing a 22-gauge needle by varying the dis-
tance and rotating the needle, hoping the agent
was widely distributed within the tumor.

(f) Calculation of the intratumoral chemotherapy
drug volume was performed using the formula
by Monga et al. [12] and computed tomography
CT scans (in mL ITC-drug):

Volume = 0.5 x maximum height x maximum width x
maximum depth.Injection of ITC and systemic chemo-
therapy was done according to the following protocol:

Start  7day 14day 21day 28day 35day 42day 49day
v ITC ImC ImC v ITC ITC ITC

(g) In each cycle, 70% of systemic dose was injected
intravenously and the rest of total dose was divided
into 3 doses each was injected percutaneous
transthoracic into the tumor [13].

(h) Chest X-ray was done immediately after hyperther-
mic or normothermic chemotherapy injection to
distinguish the early complications.
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(i) Second and third CT chest were done after 3 and 6
months to assess the changes in the enhancement
pattern (solid mass, necrosis, or cavitation), lesion
size, lymph node, and late complications.

7. Chemotherapy protocol

(a) The chemotherapy was given during the
ablation treatment; all patients were treated
with cisplatin 75 mg/m? on day 1 plus
gemcitabine 1250 mg/m” on days 1 and 8 every
3 weeks. Seventy percent of systemic dose of
cisplatin was given on day 1 by intravenous
infusion over 120 min. Gemcitabine was given
on days 1 and 8 by intravenous infusion over 30
min [14]. Smaller dose of intravenous
administered chemotherapy as 70%
administered intravenously and 30% injected
intratumorally in groups of locoregional therapy.

8. Follow up

(a) Complications: Rule out any possible
complications for the first 24 h post each
session

(b) Efficacy:
I Quality of life score
II  Radiological evaluation was done by CT

chest after 3 and 6 months

Statistical analysis

Data was analyzed by SPSS (Statistical Package for Social
Sciences) version 25 (International Business Machines
Corporation, New York, USA). The demographic,
clinical, radiological, and pathological data gathered
together with the patients’ outcome were tabulated and
statistically analyzed. Qualitative data were presented as

0%
Group A

Fig. 1 Tumor pathology of the studied patients

Group B

m Adenocarcinoma ® Squamous cell carcinoma ® Large cell carcinoma

N

Tumor pathology
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Undifferentiated carcinoma
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Table 1 Quality of life score before therapy and 3 and 6 months after therap y[8]
Group A (n =10) Group B (n = 10) Group C (n = 10) P1 p2 P3
Median (min-max) Median (min-max) Median (min—-max)
Quality of life (before) 1(0-1) 1(0-1) 1(0-2) 0.342 0.168 0.070
At3m 0 (0-1) 1(0-1) 3(1-3) 0.189 0.000 0.000
At6m 0(0-2) 1(0-3) 3(1-4) 0277 0.001 0.003
Pre vs.3m 0.025 1.000 0.006
Pre vs.6m 0.257 0317 0.006

P1, P between group A and B; P2, P between group A and C; P3, P between group B and C

number and percent and Chi square test was applied to
compare between 3 groups. Paired sample ¢ test was
applied to compare the data before and after treatment
in each group. ANOVA, repeated measure ANOVA, and
post hoc analysis were used to detect significance
between groups concerning parametric data. Kruskal-
Wallis, Wilcoxon, and Mann-Whitney were used to de-
tect significance between groups concerning nonpara-
metric data. Kaplan-Meier test was achieved to measure
survival and detect significance between groups.

Results
Group A included 10 patients (51.20 = 9.69 years old),
group B included 10 patients (56.80 + 8.36 years old),
and group C included 10 patients (57.90 + 8.05 years
old). The three groups were matched regarding the age,
gender, and smoking status.

No statistically significant differences between three
groups regarding tumor pathology as shown in Fig. 1.

There was significant reduction in quality of life score
in group A after 3 months. There was significant rise in
quality of life score in group C after 3 and 6 months of
therapy. There was significant rise in quality of life score
in group C versus group A and group B after 3 and 6
months of therapy as shown in Table 1.

+
+

There was significant improvement in radiological
response between group A and C after 3 and 6 months of
intratumoral therapy. There was statistically significant
improvement in radiological response between group B
and group C after 3 and 6 months of intratumoral therapy
as shown in Table 2. One case was shown in Fig. 2.

As regards early complications of intratumoral
chemotherapy in the current study, chest pain was noted in
all patients in group A and B and was controlled by
analgesics. Hemoptysis was recorded in 1 patient (10%) in
group A and 2 patients (20%) in group B and controlled by
hemostatic. Four patients (40%) of group A and 3 patients
(30%) in group B had fever. Pneumothorax was recorded in
2 patients (20%) in group B and improved spontaneously
with oxygen therapy. There was no procedure related
mortality.

As shown in Fig. 3, there were no statistically
significant differences between the three groups as
regards tumor volume after 3 and 6 months of start of
treatment (P > 0.05). After 3 and 6 months of beginning
locoregional therapy, there was statistically significant
reduction of tumor volume in group A and group B but
not in group C,

The complications of chemotherapy in the present
study were shown in Table 3 which were less in group A
and B than in group C.

Table 2 Radiological response after 3 and 6 months of therapy measured with CT chest (modified RECIST criteria)

Group A (n =10) Group B (n = 10) Group C (n =10) P value
No % No % No %
Post 3 months P1 = 0654, P2 = 0.006, P3 = 0.010
Complete response 0 0% 0 0% 0 0%
Partial response 8 80% 7 70% 2 20%
Stable 1 10% 2 20% 1 10%
Progression 1 10% 1 10% 7 70%
Post 6 months P1 =0548, P2 =0019, P3 =0.032
Complete response 1 10% 0 0% 0 0%
Partial response 6 60% 6 60% 2 20%
Stable 1 10% 2 20% 1 10%
Progression 2 20% 2 20% 7 70%

P1, P between group A and B; P2, P between group A and C; P3, P between group B and C
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Post 3 months Post 6 month

Pretreatment

Fig. 2 Male patient 44 years, non-smoker, diagnosed as adenocarcinoma. CT showed right upper lobe mass (a before treatment, b post 3 months
showed partial response, and ¢ post 6 months showed complete response), and treated by intratumoral hyperthermic cisplatin plus

systemic chemotherapy

No significant difference in survival between group A
and B (Fig. 4). There was statistically significant increase
in survival between group A and B and group C as shown
in Table 4.

Discussion

The locoregional administration of chemotherapy has
been used by many studies as ITC, brachytherapy,
photodynamic therapy, and aerosol chemotherapy. These
studies assessed the safety and efficacy of locoregional
therapies and the reduction of side effects of systemic
chemotherapy [13].

In clinical studies, cisplatin was used for ITC because
cisplatin is one of the most effective agents against
NSCLC. ITC with cisplatin has been successfully utilized
in the therapy of different types of localized malignant
tumors [15].

The combination of heat and cytotoxic drugs
dramatically increased capacity of destroying cancer cells by
augmented membrane permeability, enhanced membrane

transport, altered cellular metabolism, changed drug
pharmacokinetics and excretion, and augmented drug
penetration [16].

To the best of our knowledge, this is the initial work
assessing effectiveness and safety of local administration
of hyperthermic chemotherapy in peripheral inoperable
NSCLC. We support our results with those of other
locoregional therapy; intratumoral chemotherapy,
radiofrequency, and microwave ablation of peripheral
lung cancer.

Regarding quality of life score (increase in score means
worsening of quality of life) as shown in Table 1, our
results were more than El-Badrawy et al. [17], in which
there were no statistically significant changes in the
score in group treated by intratumoral hot saline
injection plus systemic chemotherapy versus before
treatment, while a significant rise in the score in the
group treated by intratumoral saline at room
temperature plus systemic chemotherapy after 3 months
of treatment. Our results were in agreement with He
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Fig. 3 Tumor volume before and after 3 and 6 months after treatment
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Table 3 Chemotherapy complications (CTCAE 2017)
Complications Group A (n =10) Group B (n = 10) Group C (n =10)

n % n % n %
Nausea + vomiting 6 60 5 50 7 70
Neutropenia (ANC < 1000/mm3) 2 20 3 30 5 50
Anemia (Hb <10 g/dI) 2 20 2 20 3 30
Thrombocytopenia(Plt < 150,000/mm?) 2 20 1 10 2 20
Cardiomyopathy 0 0 0 0 3 30
Renal impairment (increase creatinine > 0.3 mg/dl) 1 10 2 20 7 70
et al. [18] in which systemic gemcitabine plus cisplatin As regards early complications of intratumoral

chemotherapy were used in conjunction with local para-
toluenesulfonamide which was locally injected for per-
ipherally advanced NSCLC larger than 3cm who re-
ported improvement in quality of life in 38% of patients.

The improvement in the life quality might be explained
by decrease in tumor size and thermal effect on
peripheral nerves. The differences between our results
and these studies were due to dissimilar numbers of
included patients, different modalities of locoregional
therapy, variable stages, and pathology of lung cancer.

As regards the radiological response, as shown in
Table 2, our results were equal to El-Badrawy et al. [17]
who studied hot saline thermoablation of peripheral
NSCLC. And by comparison to radiofrequency ablation,
our results were near to Li et al. [19]. As compared to
microwave ablation, these results were comparable to
Sun et al. [20]. As compared to local chemotherapy
ablation, these results were comparable to a study by He
et al. [18] and our results were better than Hohenforst-
Schmidt et al. [13].

chemotherapy in the current study as shown in Table 3,
all these complications were controlled without intensive
care unit admission. These results were comparable to
El-Badrawy et al. [17]. Our study showed less complica-
tions than Li et al. [19]. The difference in tumor volume,
smaller needle in our study could explain the differences
in local complications.

The complications of chemotherapy in the present
study as shown in Table 4, we found that chemotherapy
complications in groups of locoregional therapy were
less than group of chemotherapy alone and this was
attributed to smaller dose of systemic chemotherapy
used in groups of locoregional therapy. These results
were equivalent to Gaafar et al. [21], who conducted a
study of gemcitabin and cisplatin in 60 patients of
inoperable NSCLC and reported neutropenia in 28.9% of
patients, thrombocytopenia in 20% of patients, anemia in
18.6%, nausea and vomiting in 28.8% of patients. In
Hohenforst-Schmidt et al.’s [13] study, there were no se-
vere adverse effects.

0.8

Cum Survival

0.0
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—Thyperthermic
normothermic
control
—+— hyperthermic-censored
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control-censored
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T T
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Fig. 4 Survival between groups at the end of our study

T
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Table 4 Overall survival at end of our study

Survival in months Group A (n = 10) Group B (n = 10) Group C (n = 10) P value

Median in months 16 15 8 P1 =0.56, P2 < 0.001, P3 < 0.001
95% Cl 13.93-18.07 13.15-16.85 6.22-9.79

P1, P between group A and B; P2, P between group A and C; P3, P between group B and C

Survival at the end of our study

Our results were comparable to El-Badrawy et al. [17] in
which 10 patients (90.9%) were still alive and one patient
(9.1%) died, due to disease progression at the end of the
study. These results were better than Ambrogi et al. [22]
in which, 23 patients (40%) were still alive at end of the
study, but less than the results of Li et al. [19].

Many factors affect survival rate such as tumor size;
Kodama et al. [23] published that size was a prognostic
factor with 1- and 3-year overall survival rates of 100%
and 79.8%, respectively, in patients with tumors measur-
ing less than 3 cm, compared to 83.3% and 31.3% for tu-
mors larger than 3cm. Also disease types, patients’
overall condition, and comorbidities are very predictive
of survival.

Limitations of our study were small number of cases,
different pathological subtypes, and relatively large size
of the tumors may have affected the results.

Conclusion

Intratumoral ~ hyperthermic ~ chemotherapy  and
intratumoral chemotherapy at room temperature are
promising and inexpensive palliative treatments for
patients with inoperable peripheral NSCLC. Regarding
safety, intratumoral chemotherapy has few immediate
side effects, but controllable with symptomatic
treatment. Intratumoral hyperthermic chemotherapy
and intratumoral chemotherapy at room temperature
may improve quality of life.

Abbreviations
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criteria in solid tumors
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