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Curative Effect and Safety Of 35 Kda Hyaluronan for the Treatment of Pain and Cough Associated with Advanced Lung Cancer 
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ABSTRACT 

	Background: Advanced lung cancer and related pain symptom pose a heavy body burden on human.  A hyaluronan fragment with a 35 kDa molecular weight hyaluronan fragment (HA35) has been confirmed to be effective in alleviating inflammatory and neuropathic pain as a method of palliative care.This single-arm, prospective, pilot study investigated the effect of the HA35 injection on pain or discomfort relief in advanced lung cancer patients with cough.
Methods:  All patients were administered 100 mg of HA35 via abdominal deep fat layer injection once per day for 1 week. After the first week of treatment, the injection agent was continuously administered at a dose of 100 mg every 3 days for 3 months.
Results: Abdominal deep fat layer injection of HA35 effectively alleviated pain or discomfort (P<.0001) and associated cough symptoms (P<.0001). Chest Computed Tomography (Chest CT) revealed that all lung tumor masses had no significant changes after 3 months of treatment. Interestingly, the treatment significantly improved the fatigue (P<.0001) and facial skin brightness (P<.001) of all patients.
Conclution: HA35 injection may help alleviate the pain or discomfort and cough symptoms of patients with advanced lung cancer. Furthermore, HA35 injection may help improve fatigue and facial skin brightness.
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1. INTRODUCTION

Lung cancer is the most common cancer and the leading cause of cancer-related deaths worldwide [1,2]. The majority of patients have an advanced stage of the disease at diagnosis [3]. In advanced lung cancer, including small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC), pain and discomfort are the most common symptoms [4]. Approximately 75% of patients experience chronic pain [5,6]. Chronic pain and acute pain may be attributed to the same cause; however, longevity may differ. Chronic pain often persists for more than 12 h with a gradual spread. Effective lung cancer treatment is crucial for relieving patients with advanced lung cancer, reducing the adverse effects of nonsteroidal anti-inflammatory drugs or transdermal opioids, and increasing patient comfort. Importantly, these are also the main objectives of advanced lung cancer palliative care.
Naked mole rats have a higher tissue content of hyaluronan and its fragments. It has been reported that the content of hyaluronan (HA) and its fragments in the tissue of African naked mole rats is as high as 6%. High levels of HA and its fragments make rats insensitive to acid-induced pain, and they do not suffer from cancer while alive [7-9]. Researchers have expressed the high-molecular-weight HA gene in African naked mole rats using a gene transfer method, demonstrating that HA and its fragments could improve the healthspan of mice and make mice insensitive to pain [10]. However, HA (MW>1000 kDa) has a high molecular weight, high viscosity, low solubility in aqueous solution, and poor permeability in human tissues [11-14]. Therefore, for human disease treatment, HA is mainly used for local injection. HA35, known as bioactive HA or B-HA, is a 35 kDa HA fragment that has a bioactive effect on a variety of HA-binding proteins or receptors and can freely cross a filter with a 220 nm pore size [10,15-21]. Particles with a size of <220 nm are usually called nanoparticles (NPs), which are tissue-permeable and particularly common in human venous or parenteral nutrition products. HA35 can be generated by mixing hyaluronidase PH20, also known as SPAM1 (sperm adhesion molecule 1) and injection-grade high-molecular-weight HA at room temperature for 4 h [17], and several clinical studies have shown its efficacy in treating inflammatory and neuropathic pain (registration numbers NCT05756595 and NCT05764226), which is safe for human use [22].
In this study, the clinical efficacy of HA35 or B-HA in the treatment of pain and cough associated with advanced lung cancer was investigated by conducting a short-term self-controlled clinical trial, i.e., an investigator-initiated trial (IIT) (registration number: NCT05852002) [23-24]. At the same time, this is also the first proof of concept clinical study for human body to relieve pain and cough associated with advanced lung cancer.

2. material and methods

2.1 Materials 

HA35 or B-HA injection samples were obtained from the pharmaceutical company NAKHIA IMPEX, Ulaanbaatar, Mongolia. The recombinant human hyaluronidase PH20 [17] cleaves high-molecular-weight HA (Bloomage Biotech) into the 35 kDa HA fragment HA35 or B-HA (B-HA injection, Registration number L20200708MP07707; Ministry of Health).

2.2 Patients and study design

This study was approved by a formally constituted review board (Ethics Committee of Tuya Amglan Hospital), and written informed consent was obtained from all 10 patient volunteers who were recruited by Tuya Amglan Hospital between January and June in 2023 in accordance with the guidelines of the Declaration of Helsinki. In fact, this study recruited 12 patients. 1 patient did not meet the inclusion criteria. Thus, a total of 11 patients was enrolled. 1 patient dropped out during the follow-up. Therefore, 10 patients completed the study protocol. The CONSORT diagram is shown in Fig 1. This study inclusion criteria were as follows: At least 18 years old; Platelet count ≥ (100-300) x109 /L; Patients who were diagnosed with advanced lung cancer accompanied by pain or discomfort and cough symptoms; At least 2 day since completion of chemotherapy or radiation therapy; Must have read, expressed understanding and signed an informed consent document. Exclusion criteria as follows: History of other malignancies; Pregnancy or lactation in women; Coagulation disorders or anemia.
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Fig. 1. CONSORT flow diagram

This single-arm, open-label clinical study investigated the curative effect and safety of 35 kDa hyaluronan fragment injection for the treatment of pain and cough associated with advanced lung cancer and intended to be a proof of concept only. The trial (registration number NCT05852002) was also registered at www.clinicaltrials.gov.

2.3 Intervations

HA35 or B-HA (L20200708MP07707) was injected into the abdominal deep fat layer by a registered nurse or a physician (100 mg per day for 1 week) to rapidly alleviate pain, discomfort, and associated cough symptoms. After the first week of treatment, the injection agent was continuously administered at a dose of 100 mg every 3 days for a period of 3 months. Then, pain or discomfort, cough, fatigue, facial skin brightness, and facial expression or spirit associated with advanced lung cancer and local growth of lung cancer masses were assessed using specific methods (described in the 'Primary outcome measures' section). The duration of treatment (days) and adverse events observed following treatment were assessed, and the results were compared with baseline data (before treatment).

2.4 Outcome measurements

Primary outcomes were pain or discomfort scores on a 0–10 scale (0=no pain or discomfort, 10=worst possible pain or discomfort) [25,26], cough scores on a 0–10 scale (0=no cough, 10=worst possible cough) [25-27], fatigue scores on a 0–10 scale (0=no fatigue, 10=worst possible fatigue) [28], and facial skin brightness and facial expression or spirit scores on a 0–10 scale (0=worst degree of facial skin brightness, 10=best degree of facial expression or spirit) after treatment. Each of these outcomes was scored as an individual item. The secondary outcome was the result of computed tomography (CT) of the chest after treatment for 3 months (end of the treatment) and the score of modified version Treatment Satisfaction Questionnaire for Medication (TSQM 1.4) after the treatment for 4 weeks and 3 months. The chest CT scans of all 10 patients were compared by clinical radiologists before and 3 months after the start of treatment. High-resolution thin-layer images and volume multiplanar reconstruction scans were used to analyze the structure, size, density, and visual field of the scanned tissue lesion. The relative tumor proliferation rate (T/C%) was calculated as T/C% = TRTV/CRTV × 100, where TRTV is the relative tumor volume at the end of treatment, and CRTV is the relative tumor volume at baseline [29]. The TSQM 1.4 is a generic instrument developed to assess patient satisfaction with therapy [30]. It measures patients’ self-perceived satisfaction with treatment and care via 14 items, including 4 section: effectiveness, side effects, convenience,  and global satisfaction [31]. The modified version TSQM 1.4 overall satisfaction scores are calculated for related lung cancer care and pain relieve of the subscales, which range from 0 to10, with higher scores indicating higher patient satisfaction with medication.

2.5 Adverse events and adverse reactions

The investigator or doctor must document all the observed adverse events and all the study participant reported adverse events.

2.6 Statistical analysis

All statistical analyses were conducted using SPSS v.24 (IBM Corp., Armonk, NY, USA) in the present study. Continuous data were evaluated for normality and homogeneity by Student's t-test. Normally distributed data are expressed as the mean (SD) or median (with interquartile range) and were analyzed by one way analysis of variance (ANOVA). Categorical data are presented as percentages. A P value <.05 was considered to indicate statistical significance.

3. results
3.1 Demographic and clinical characteristics

A total of 10 patients with advanced lung cancer accompanied by pain or discomfort and cough symptoms were examined at Tuya Amglan Hospital, Ulaanbaatar, Mongolia (Fig 1). The average age of the patients was 67±5 years, the maximum age was 73 years, and the minimum age was 58 years (Table 1). Among them, 7 (70%) patients were male, and 3 (30%) patients were female. All 10 patient volunteers had advanced lung cancer and lung cancer metastasis but no bone metastasis. All of the patient volunteers had varying degrees of pain and discomfort, cough, and fatigue (Table 1). All of the patient volunteers included in this study were allowed to use antibiotic compounds and corticosteroids on and off during treatment to prevent possible infection and reduce pain and discomfort associated with advanced lung cancer.

Table 1.	Demographic and Clinical Characteristics of all Patient Volunteers

	Characteristic
	Overall (N=10)

	Age (ys)
	

	Mean (SD)
	67±5

	Median (min, max)
	67.5 (56,74)

	Sex
	

	Male, n (%)
	7 (70%)

	Female, n (%)
	3 (30%)

	Body weight (kg)
	

	        Mean (SD)
	64±11

	Lung cancer category
	

	small cell lung cancer (%)
	2 (20%)

	non-small cell lung cancer (%)
	8 (80%)

	Symptom
	

	Pain or discomfort, n (%)
	10 (100%)

	Cough, n (%)
	10 (100%)

	Fatigue, n (%)
	10 (100%)

	Bone metastasis, n (%)
	0 (0%)

	Metastasis, n (%)
	10 (100%)

	Therapy
	

	Current radiotherapy, n (%)
	0 (0%)

	Current chemotherapy, n (%)
	0 (0%)

	Current use of antibiotics n (%)
name and dose
	7 (70%)
sulfamethoxazole and 1.6 g per day

	Current use of corticosteroids n (%)
name and dose
	7 (70%)
dexamethasone and 0.75 mg per day


Notes: values are expressed as n (%), Mean±SD

3.2 Primary outcome

During the study, enrolled patients participated in the study for 3 months and underwent four clinical evaluations at before treatment, after 1 week, 2weeks, and 4 weeks, and the end of treatment. As showen in Table 2, the baseline mean score for pain or discomfort was 4.77±1.82, which was decreased to 0.60±0.31 at the end of treatment (P<.0001). The baseline mean score for cough was 5.50±1.36, which was decreased to 0.82±0.41 at the end of treatment (P<.0001). The baseline mean score for fatigue was 8.35 ±1.07, which was decreased to 1.09 ± 0.65 at the end of treatment (P<.0001). The baseline mean score for facial skin brightness was 1.41±0.72, which was increased to 7.02±0.54 at the end of treatment (P<.001). The baseline mean score for facial expression or spirit was 0.98±0.81, which was increased to 6.82±0.32 at the end of treatment (P<.001). The remission rate scores were both greater than 85%. All differences were statistically significant.  

Table 2. Scores of Outcomes at Baseline (Before Treatment) and at the End of Treatment
	[bookmark: _Hlk164765450]Index
	Baseline
	End of treatment
	[bookmark: OLE_LINK4]Remission rate (%)
	t
	P value

	Pain or discomfort 
	4.77±1.82
	0.60±0.31
	87.42
	6.96
	P<.0001

	Cough
	5.50±1.36
	0.82±0.41
	85.09
	10.29
	P<.0001

	Fatigue
	8.35 ±1.07
	1.09 ± 0.65
	86.95
	23.08
	P<.0001

	Facial skin brightness
	1.41±0.72
	7.02±0.54
	-
	27.55
	P<.001

	Facial expression or spirit
	0.98±0.81
	6.82±0.32
	-
	23.10
	P<.001


Notes: values are expressed as Mean±SD.

As shown in Fig 2A and 2B, further analysis revealed that pain and discomfort scores were decreased by 73.58% (1.26±1.18) after 1 week, 79.45% (0.98±0.56) after 2 weeks, and 84.07% (0.76±0.62) after 4 weeks, and the patients showed an improvement from moderate pain to low pain or even painless. Cough scores also decreased by 81.09% (1.04±0.84) after 1 week, 86.18% (0.76±0.75) after 2 weeks and 80.18% (1.09±0.84) after 4 weeks, and the patients progressed from moderate cough to low cough, including no cough. Fatigue symptoms were alleviated after 1 week, and the scores were decreased by 65.75% (2.86±1.35) after 1 week, 60.96% (3.26±1.10) after 2 weeks, and 70.54% (2.46±1.09) after 4 weeks. There was no significant difference between 1 week, 2 weeks and 4 weeks (P＞.05). All patients’ facial skin brightness (P<.001) (Fig 2C) and facial expression or spirit (P<.001) (Fig 2C) were improved gradually after 1–4 weeks, suggesting that HA35 may be a potential cosmetic therapeutic that warrants further clinical investigation.
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Fig. 2. Advanced lung cancer symptom score and remission rate (%)

3.3 Secondary outcome-Chest CT analysis 

According to the results of chest CT, the relative tumor proliferation rate of all patients was ≤43%, which is the minimum level for antitumor activity according to National Cancer Institute standards (Fig 3) [32]. This finding indicated that the lung tumor masses of all patients did not significantly progress at the end of treatment, suggesting that HA35 injection may exert antitumor activity. The modified version TSQM 1.4 overall satisfaction scores after treatment is shown in Table 3. Overall satisfaction  increased from 6.60±1.58 to 7.90±1.10 (P<.001). Significant changes in overall scores were observed for relieve of pain, physical functioning, social functioning, and fatigue at the end of treatment. However, short-time treatment also got a high patients satification.
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Fig. 3. Analysis of the relative tumor proliferation rate with chest CT

Table 3. Overall Satisfaction Score after Treatment
	Index
	Overall satisfaction of treatment for 4 weeks
	Overall satisfaction of end of treatment

	Mean± SD
	6.60±1.58
	7.90±1.10

	Median
	7.00
	8.00

	Range
	4-9
	6-9

	The patients number of score range, n(%)
	0
	0 (0)
	0 (0)

	
	1-3
	0 (0)
	0 (0)

	
	4-6
	4 (40)
	1 (10)

	
	7-9
	6 (60)
	9 (90)

	
	10
	0 (0)
	0 (0)



3.4 Safety data

The 35 kDa molecular weight HA35 injection was well tolerated and was safe for all 10 patients. There was no significant difference in hemoglobin levels between the treatment follow-up period and before. However, one patient had platelet counts lower than normal number during treatment. But the platelet count returned to normal ranges without discontinuing or reducing the use of HA35 injection. Therefore, it was determined that the decrease was not related to the HA35 injection. In addition, there were no detrimental side effects, such as nausea or vomiting, or treatment-related deaths.

4. Discussion

Lung cancer pain leads to a decrease in the quality of life of patients and imposes an additional psychological burden. The three common causes of pain in patients with advanced lung cancer (https://lungcancer.net/symptoms/pain) are as follows: (1) location of the tumor at the top of the lung and close to several nerves, which accounts for approximately 31% of cases of lung cancer pain; (2) cancer spread to the chest wall, which accounts for approximately 21% of cases of lung cancer pain; (3) lung cancer metastasis to the bone, which accounts for approximately 34% of cases of lung cancer pain [33]. For lung cancer patients with pain, the World Health Organization provides a 3-step approach to relieve pain. Step 1 involves the use of paracetamol or a nonsteroidal anti-inflammatory drug. In step 2, patients are advised to use weak opioids. If pain is not well controlled, the appropriate strong opioids are used in step 3. However, some severe pain may not be satisfactorily controlled in step 3. Therefore, patients are asked to increase the opioid dose over time to relieve pain, which might cause constipation, sedation, nausea, or delirium [33]. Therefore, palliative care with no side-effect is rapidly becoming an important part of the care of advanced lung cancer patients. In this study, we discussed the curative effect and safety of 35 kDa hyaluronan for the treatment of pain and cough associated with advanced lung cancer.
Abundant high-molecular-weight HA and its fragments have been proven to contribute to cancer resistance and improve lifespan and healthspan [10]. A previously published study showed that HA could modulate pain-regulated TRPV1 channel opening, reducing peripheral nociceptor activity and pain [18]. Because of its high molecular weight, HA has poor tissue penetration ability and is mainly used for local injection for facial reshaping and treating knee osteoarthritis. Nevertheless, our previous study has shown that local injection of the 35 kDa HA fragment (HA35), which has good tissue penetration potential, is effective in treating inflammatory and neuropathic pain (Registration number NCT05756595). It is likely that the 35 kDa HA fragment (HA35 or B-HA) overcomes the poor tissue permeability of high-molecular-weight HA and is capable of entering lung tissue to bind to a variety of HA-binding proteins or receptors, exhibiting bioactivities such as analgesic effects [18]. As well known, common symptoms reported in advanced lung cancer include pain, cough, fatigue, and depression [34]. According to the study of Carol, even in patients who survive more than a year after diagnosis, more than half will report being afflicted with many of these symptoms [34,35]. This study evaluated the effect of HA35 injection (L20200708MP07707) on above index, such as pain and discomfort relief, cough symptoms, and a series of facial [23]. Pain and cough management are important aspects of palliative care for advanced lung cancer patients.
Treatment with 100 mg of HA35 via abdominal deep fat layer injection led to a significant reduction in pain over time. The results indicated that HA35 injection once per day for 1 week effectively alleviated pain or discomfort (Fig 2A, P<.0001) and associated cough symptoms (Fig 2A, P<.0001), suggesting that symptoms associated with lung cancer may be relieved by HA35 in a short time. In most cases, pain was greatly relieved 3 h after the first injection, and cough was significantly relieved in the first 3 days after injection. At the end of treatment, chest CT indicated that none of the lung tumor masses exhibited significant changes. Based on chest CT, the relative tumor proliferation rate was ≤43% in all patients. This finding demonstrated that lung tumor masses did not significantly progress within 3 months of treatment. In other words, HA35 injection might have an inhibitory effect on lung tumor growth. Previous studies [8,10,16,36,37] have reported that high levels of HA and its fragments have anticancer effects, most likely through the regulation of lymphocyte homing [15,17,38]. In fact, the patient perspective is essential to evaluating HA35 injection therapy for the treatment of advanced lung cancer, especially when the treatment objectives are symptom relief. At the end of treatment, we demonstrated that most patients were satisfied with their treatment results.
The findings support the use of HA35 or B-HA (L20200708MP07707) in palliative care therapy for advanced lung cancer [39,40]. HA35 can be safely extracted from human colostrum for human use [22]. In this study, no complaints of any side effects were reported. Interestingly, the treatment significantly improved the fatigue (Fig 2A) of all patients. In most cases, fatigue was significantly relieved after the first week of injection, demonstrating the relief of symptoms associated with lung cancer in a short time following HA35 injection. The results of this study also showed that HA35 significantly improved the facial skin brightness of patients (Fig 2C). These findings indicated that HA35 may be a potential cosmetic therapeutic that warrants further clinical investigation.
However, this study also has several limitations. First, the study lacks an adequate control intervention and was limited by the number of participants. Because this study was a proof-of-concept study and was difficult to obtain permission letter in a short time for this proof of concept study from our ethic committee for setting up a placebo or negative control which needs a rescure medicine. Second, only the NPRS was used to assess pain. Therefore, in the next clinical trial, more patients will be recruited and a placebo or negative control group will be established to evaluate the dosage and course of HA35 in multi-methods. Finality, further clinical data analysis (Table 1) revealed that all patients included in the study were treated with antibiotics and low-dose corticosteroids. Lung cancer lesions also cause respiratory infections. The antibiotic sulfamethoxazole is used to alleviate chest discomfort and associated respiratory cough symptoms. A low dose of the corticosteroid dexamethasone also alleviates pain and associated respiratory cough symptoms and improves fatigue. It is possible that the use of these two drugs synergistically enhanced the effect of HA35 injection. Conventional treatment comprising the antibiotic sulfamethoxazole and a low dose of the corticosteroid dexamethasone may be necessary in advanced lung cancer; thus, these therapeutic agents are difficult to exclude from clinical studies. Accordingly, the outcomes observed in this study may be attributed to the combined effect of HA35 injection, antibiotics, and corticosteroids.
5. CONCLUSIONS

HA35 injection may effectively alleviate pain or discomfort and cough symptoms associated with advanced lung cancer. HA35 injection may improve fatigue associated with advanced lung cancer, suggesting its importance in palliative care for patients with advanced lung cancer. HA35 injection may have a cosmetic therapeutic effect on the face, suggesting that HA35 may be a potential cosmetic therapeutic. HA35 injection may have an inhibitory effect on lung tumor growth.
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