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Abstract: Cancer treatment is a significant focus in medicine owing to the increasing global incidence. Patients 
with advanced cancers that do not respond to conventional therapies have limited options and an unfavorable 
prognosis. Consequently, researchers are investigating complementary approaches to conventional treatments. 
One such approach is alkalization therapy, which aims to neutralize the acidic tumor microenvironment (TME) 
by increasing its pH level. The acidic TME promotes inflammation, tumor progression, and drug resistance. 
Alkalization therapy has been demonstrated to be effective for various cancers. In addition, natural products, 
such as triterpenoids, parthenolides, fulvic acid, Taxus yunnanensis, and apple pectin have the potential to 
alleviate symptoms, maintain physical fitness, and improve treatment outcomes of cancer patients through their 
anti-inflammatory, antioxidant, and anticancer properties. In this review, we focus on the effects of alkalization 
therapy and natural products on cancer. Furthermore, we present a case series of advanced cancer patients who 
received alkalization therapy and natural products alongside standard treatments, resulting in long-term 
survival. We posit that alkalization therapy together with the supplementation of natural products may confer 
benefits to cancer patients by mitigating the side effects of chemotherapy and complementing standard 
treatments. However, further research is warranted to validate these clinical findings. 

Keywords: tumor microenvironment; alkalization therapy; natural products; cancer, complementary and 
alternative medicine 
 

1. Introduction 

Cancer is a serious public health problem that is increasing worldwide, and its treatment has 
become an important focus of medicine. Despite the recent development of innovative cancer 
therapies and improvements in the survival and quality of life of cancer patients, the management of 
patients with advanced cancer remains a difficult challenge1. In particular, patients with advanced 
cancers that do not respond adequately to existing therapies, such as surgery, radiation therapy, and 
chemotherapy have limited treatment options, and often have an unfavorable prognosis2. In addition, 
these standard therapies are double-edged swords, sometimes resulting in a variety of health 
problems owing to adverse events. To overcome these difficulties, researchers and clinicians are 
investigating complementary approaches to conventional therapies. 

Malignant tumors produce high levels of lactate, or H+, as a result of enhanced aerobic glycolysis, 
and the extracellular efflux of H+ leads to acidification of the tumor microenvironment (TME)3. An 
acidic TME attracts inflammatory cells, leading to chronic inflammation, tumor progression, and 
drug resistance4. In our clinic, we have implemented "alkalization therapy" aimed at neutralizing the 
acidic TME, and have achieved some efficacy in various cancers5-8. 
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In addition, many patients are trying natural products (antioxidants, vitamins, herbs, and other 
natural remedies) in addition to standard cancer treatments, which have been reported to reduce 
symptoms, maintain physical fitness, and possibly improve treatment outcomes9. Various natural 
products have been shown to inhibit the growth, migration, and invasion of cancer cells owing to 
their anti-inflammatory, antioxidant, and even anticancer properties10. Plants and foods containing 
these compounds have long been used in traditional medicine in many parts of the world, and are 
now available as medical supplements and dietary/health food items, and are expected to have 
various effects. However, the clinical efficacy and function of these natural products remain to be 
elucidated. In this review, we will provide an overview of our approach to alkalization of the TME 
and the effects of various natural products on cancer, including a literature review. We also report a 
cohort of patients with advanced cancer who had metastasis and postoperative recurrence, in whom 
long-term survival was achieved by alkalization therapy and treatment with natural products, in 
addition to standard treatments. 

2. “Alkalization therapy” for cancer 

2.1. Concept of alkalization therapy 

"Alkalization therapy" is simply defined as "systematic alkalization of the body using diet and 
alkalizing agents to increase the pH of the local TME of the tumor". The theory of this therapy is as 
follows. First, tumor cells in malignant tumors have damaged mitochondria, and consequently use 
the glycolytic system for cellular metabolism (the Warburg effect)11. This is because malignant tumor 
cells have a 10- to 40-fold higher rate of glucose uptake than normal cells, and produce lactate 10- to 
100-times faster, resulting in a 10- to 100-fold higher rate of lactate production, leading to lactate 
accumulation outside of the tumor cells11. This acidic environment, or decreased TME pH3, attracts 
inflammatory cells, leading to chronic inflammation4, and is also associated with distant metastasis12, 
creating an environment more favorable for cancer survival. Although various other molecular 
mechanisms have also been focused on as the cause of pH dysregulation in the peritumoral 
environment13, 14, studies investigating TME alkalization as a possible cancer therapy have already 
passed the basic research phase, and clinical studies are now being performed.(Studies supporting 
alkalization therapy 

Hirschhaeuser et al. have shown from various basic research studies that lactic acid produced 
from tumors is involved in the early growth process of cancer and in blunting the tumor immune 
response15. Several studies have reported that increasing the pH of the acidic TME can have 
anticancer effects. Pötzl et al. reported that systemic alkalization by the oral administration of 
bicarbonate enhances natural killer cell interferon-gamma expression, and significantly slows 
lymphoma growth in mice16. Another report demonstrated that the oral administration of bicarbonate 
controls breast cancer invasion in mice17, and inhibits distant metastasis in mouse models of breast 
and prostate cancer18. Another study reported that the oral ingestion of alkaline water (an alkalizing 
agent dissolved in water) slowed the growth of malignant melanoma in mice19, and a different study 
demonstrated that a combination of high-dose proton pump inhibitors (PPIs) and alkaline water 
together with chemotherapy resulted in increased anticancer effects and extended the life span of 
dogs and cats with advanced cancer20. Furthermore, some reports have suggested that alkalizing 
agents, such as bicarbonate, may not only inhibit local invasion and growth by alkalizing the TME, 
but may also have a synergistic effect with chemotherapy and immunotherapy21, 22. 

Regarding the association between diet and cancer, studies have shown that specific foods have 
different systemic buffering effects23. In addition, Robey et al. have shown that animal protein and 
salt make the body more acidic, whereas fruits and vegetables make the body more alkaline, 
suggesting that changes in body pH caused by diet may affect molecular mechanisms at the cellular 
level24 

There are still only a limited number of studies that have applied the idea of alkalization of the 
TME as an anticancer treatment in clinical practice. Park et al. estimated the dietary acid load of 
patients using potential renal acid load (PRAL), and concluded that breast cancer incidence was 
highest in the group with the highest PRAL, in which patients had a diet that was high in meat 
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consumption and low in fruit and vegetable intake, and hence a diet with limited meat and high fruit 
and vegetable intake may reduce breast cancer incidence25.  

In practice, few studies have used diet and alkalizing agents as anticancer therapies, but as a 
palliative treatment, studies have shown that treatment with dimethyl sulfoxide and sodium 
bicarbonate infusion lead to substantial improvements in clinical symptoms and quality of life of 
patients with metastatic prostate cancer26, and decreased pain in difficult-to-treat end-stage cancer 
patients27. Mathematical model simulations as well as experimental observations have demonstrated 
that bicarbonate functions as an effective agent to increase extra-tumoral pH, and that chronic oral 
bicarbonate is effective enough to be a potential anticancer treatment28. Furthermore, a phase 0/1 
clinical trial using sodium bicarbonate for cancer treatment proposed a specific prescription 
regimens29.Definition of alkalization therapy 

We define alkalization therapy as a combination of an alkalizing diet and oral intake of baking 
soda and/or citric acid as an alkalizing agent7. An "alkalizing diet" is defined as a diet with a high 
amount of fruits and vegetables, with blue-back fish as the main source of protein, and as little meat 
and dairy as possible. Specifically, patients are instructed to consume 400 g of fruits and vegetables 
daily and to keep a dietary record for the first 4 weeks. In addition, when patients visit our clinic, the 
doctor and nurses review their dietary records to ensure that their diet meets our criteria of an 
alkalizing diet, and advise patients on dietary adjustments that need to be made. Ultimately, the 
choice of diet is left to the patient. We believe that any drug therapy or additional intake of natural 
products will have little effect if a proper alkaline diet is not followed, and this is the treatment we 
focus on the most. 

2.2. Alkalization therapy; Our clinical experience to date 

In our clinic, we have empirically combined alkalization therapy with chemotherapy, and found 
that some patients with various solid tumors and hematologic tumors show substantial therapeutic 
effects7. In a comparative study of advanced pancreatic cancer patients treated with conventional 
chemotherapy plus alkalization therapy versus chemotherapy alone group, the median overall 
survival (OS) was significantly longer (15.4 months vs. 10.8 months; p < 0.005) and the mean urine 
pH was significantly higher in the alkalization therapy group (6.38 ± 0.85 vs. 6.80 ± 0.71; p < 0.05). This 
suggested that alkalization therapy contributed to the increase in urine pH by acting as a systemic 
buffering therapy, and had a synergistic effect with chemotherapy, thus leading to the prolongation 
of patient OS6. In a study on patients with hepatocellular carcinoma, patients treated with alkalization 
therapy were divided into 2 groups, namely, a group with a mean post-treatment urine pH of ≥ 7.0, 
and the other with a pH of < 7.0. The results showed that the median OS from the start of alkalization 
therapy of patients with a urine pH of ≥ 7.0 was not reached (n = 12, 95% confidence interval(CI) = 
3.0-not reached), which was significantly longer than that of patients with a pH of < 7.0 (15.4 months, 
n = 17, 95% CI = 5.8-not reached, p < 0.05)8. Furthermore, in an observational study of small cell lung 
cancer patients, alkalization therapy and intravenous vitamin C combined with chemotherapy 
(intervention group) was compared with chemotherapy alone (control group), and the mean urine 
pH of the intervention group was significantly higher than that of the control group (7.32 ± 0.45 vs. 
6.44 ± 0.74; p < 0.05). The median OS of the intervention group was 44.2 months (95% CI = 22.0-not 
reached), compared with 17.7 months for the control group (95% CI = 13.5-not reached; p < 0.05)5. 
These results suggest that alkalization therapy may have an effect on anticancer drug resistance, and 
a synergistic effect with natural products may also be expected. 

3. Natural products for the treatment of cancer 

3.1. Triterpenoids 

The triterpenoid compounds ursolic acid and oleanolic acid are isomers, and are widely found 
in foods, medicinal herbs, and other plants30. Ursolic acid and oleanolic acid tend to be discussed as 
a pair, but here we would like to focus on ursolic acid, which can be extracted from Japanese plums, 
which have long been used as a health food in Japan. Ursolic acid has long been used in folk medicine, 
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and is also found in apples, basil, bilberries, cranberries, peppermint, rosemary, oregano, etc. 
Pharmacologically, ursolic acid is known for its hepatoprotective, anti-inflammatory, 
antihyperlipidemic, and anticancer effects 30. In terms of anticancer effects, its ability to affect the 
activity of several intracellular enzymes enables it to modulate processes that occur within tumor 
cells, and activate pathways leading to apoptosis(programmed cell death), including inhibition of the 
MAPK/ERK and PI3K/ACT/mTOR signaling cascades31. This activation of pathways that lead to 
apoptosis is the most important function of ursolic acid's anticancer activity, which leads to the 
inhibition of pathways that lead to cancer proliferation, growth, and metastasis. Other anticancer 
activities of ursolic acid have also been reported, such as its effects in response to the exposure of cells 
to carcinogenic chemicals (e.g., benzo(a)pyrene32 and substances extracted from tobacco smoke33), 
reactive oxygen species (ROS)34, ionizing radiation35, and Epstein-Barr Virus36. 

3.2. Parthenolide 

Parthenolide is a type of sesquiterpenoid derived from the leaves and flowers of feverfew, and 
is a natural compound that has been used as a herbal remedy since ancient times37. Parthenolide 
causes anti-inflammatory and anticancer effects by strongly inhibiting the activity of nuclear factor 
kappa-B (NF-κB)38. NF-κB is an important transcription factor involved in cancer cell proliferation, 
survival, invasion, metastasis, and evasion of anti-tumor immunity. To date, parthenolide has been 
shown to have high cytotoxicity and apoptosis-inducing effects against malignant tumors, such as 
breast cancer and chronic myeloid leukemia, and to inhibit the proliferation and self-renewal ability 
of cancer stem cells, suggesting its potential usefulness for the curative treatment of cancer39, 40. In 
addition, there is also a study that parthenolide has anticancer effects by targeting epidermal growth 
factor receptor (EGFR) in non-small cell lung cancer41. Furthermore, parthenolide inhibits the 
mitochondrial respiratory chain and increases the production of ROS42. ROS cause DNA damage and 
apoptosis in cancer cells, and hence parthenolide can also be expected to have anticancer effects by 
reducing the expression of antioxidant enzymes and increasing the sensitivity of cancer cells to 
oxidative stress. 

3.3. Fulvic acid 

Fulvic acid is a high-molecular weight organic acid resulting from the decomposition of ancient 
plants and animals by microorganisms43. Fulvic acid is also the main component of Shilajit, which 
has been applied in the field of Ayurvedic traditional medicine for a long time44. The actions of fulvic 
acid in the body have been summarized in previous reports as immunomodulatory, oxidation-
regulating, and gastrointestinal-activating, and it has been found to promote the activation of various 
physiological functions45. Regarding anticancer effects, fulvic acid is considered to prevent the 
progression of cancer by inhibiting the proliferation of cancer cells and inducing apoptosis 46, 47. In 
addition, a study has suggested that the binding of fulvic acid to transferrin in human serum enables 
more efficient delivery of anti-tumor drugs to the target tumor48. 

3.4. Taxus yunnanensis (Taxus plant) 

Paclitaxel, extracted from plant called Taxus brevofolia, was originally known as the anticancer 
drug taxol49, and is widely used in large quantities in both clinical and basic research, and is well-
known as a clinically effective anticancer molefule50, 51. One of its sources, T. yunnanensis, is endemic 
to China, but is an endangered species and is being depleted as a biological resource52. Unlike other 
species of the Taxus genus, T. yunnanensis has a high taxol concentration53, and it has unique 
polysaccharides that have been shown to substantially inhibit the proliferation of HeLa and HT1080 
cells in a concentration-dependent manner54. T. yunnanensis has a special position within the genus, 
as it is a plant that contains a large amount of α-conidendrin, which induces apoptosis in breast cancer 
cell lines55. There are also reports that T. yunnanensis has significantly higher oral absorption and 
bioavailability than pure extracted paclitaxel in rat studies56, and it has been associated with the 
induction of tumor cell apoptosis via multiple pathways57. 
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3.5. Apple pectin 

Pectin is a substance obtained from the remains of the extraction of sugar and juice from fruits, 
and it plays an important role as a soluble plant fiber. However, many preclinical studies have shown 
that pectin and its derivatives have anticancer effects against breast, stomach, colon, pancreatic, 
hepatocellular, bladder, prostate, ovarian, leukemia, myeloma, skin, brain, and lung cancer58, 59. For 
example, pectin and pectin oligosaccharides increased the number of apoptotic cells in human colon 
cancer cell lines60. In a study using human breast cancer cell lines and mice, it was also reported that 
pectin induces apoptosis in vitro, suppresses cell proliferation and cell adhesion, and suppresses p53 
expression in vivo, thereby reducing tumor growth and increasing the number of apoptotic cells61. 
Clinical studies to date include a phase II study reporting that the oral administration of modified 
citrus pectin reduced prostate specific antigen (PSA) doubling time in prostate cancer patients62. 

4. Hypothesis: Can the combination of “alkalization therapy” and natural products have a 
positive effect on cancer patients? 

As an adjuvant therapy for cancer, would alkalization therapy and natural products have an 
anticancer effect, either individually or in combination? We believe that they have the potential to 
alleviate the side effects of current chemotherapies, and that their anti-inflammatory, antioxidant, 
and immunostimulatory effects may complement the effects of chemotherapy and contribute to 
improving the overall health of patients. Indeed, some researchers have expressed skepticism about 
the anticancer effects of alkalization therapy63, 64. However, if an alkalizing diet and the oral 
administration of alkalizing agents, which have very limited side effects, can produce even a small 
benefit, then alkalization therapy may become a mainstream option in cases in which the effects of 
conventional therapy are not sufficient, therapeutic effects have not been achieved, or when 
therapeutic effects are desired at a low cost.  

Natural products, on the other hand, are less likely to be used as conventional drugs owing to 
their complex nature and the high costs associated with their development as pharmaceuticals. 
However, they have the potential to support the improvement, maintenance, and recovery of health, 
to enhance the effectiveness of standard treatments, and to reduce their side effects. Natural products 
are usually taken in the form of supplements or dietary supplements and are expected to play an 
adjunctive role in supporting treatment. It is noteworthy that many of the natural products used as 
anticancer treatments are used in folk medicine, and their safety is empirically assured because they 
are very familiar in the human diet. Consuming whole plants rather than extracted, refined, and 
medicated versions of their constituents is a good risk management measure in terms of side effects. 
Whereas we expect extracted components to have anticancer effects, the bioavailability of the raw 
material may be higher than that of the extracted component, as in the case of T. yunnanensis 
mentioned above. As some of the natural products mentioned here have strong anticancer effects, 
they may be effective adjuvant therapies that can reduce the serious side effects of chemotherapy, 
although they cannot be used in combination with chemotherapy as safely as alkalization therapy. 
However, natural products can be used safely and effectively in clinical applications in combination 
with alkalization therapy. 

5. Long-term survival of patients with advanced cancer treated with alkalization therapy and 
natural products 

5.1. Study outline 

Here, we report cases of patients with advanced cancer, who were treated with triterpenoids, 
parthenolides, fulvic acid, T. yunnanensis, and apple pectin. Data were extracted retrospectively from 
the medical records of patients with advanced cancer (postoperative recurrent or metastatic cancer) 
who visited Karasuma Wada Clinic between January 1, 2011 and September 30, 2018, who were 
taking natural products continuously while receiving alkalization therapy in addition to standard 
treatment, and who survived for at least 5 years after starting treatment. The data includes each 
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patient’s age, sex, type of cancer diagnosed, cancer stage, type of natural products taken, and survival 
time (as of September 30, 2023) since the start of treatment. 

These cases are comprehensively included in the research project "Investigation of survival 
factors for cancer patients using data science methods" approved by the Institutional Review Board 
of the Japan-Multinational Trial Organization (UMIN000047446).  

5.2. Patient characteristics 

Table 1 shows the characteristics of a cohort of 49 advanced cancer patients treated with 
alkalization therapy and natural products. The group includes 22 men and 27 women, with a mean 
age at the first clinic visit of 62.2 years (range: 39–86 years). Metastasis was observed in 31 patients, 
and 18 experienced recurrence after surgery. The cancers diagnosed included non-small cell lung 
cancer in 18 patients, breast cancer in 9, hepatic cancer in 4, gastric cancer and colon cancer in 3 each, 
small cell lung cancer, pancreatic cancer, and prostate cancer in 2 each, and oropharyngeal, thymic, 
kidney, duodenal papillary, uterine, and unknown primary cancers in 1 patient each. Triterpenoid 
was the most utilized natural product, used by 48 patients, followed by parthenolide in 19, fulvic acid 
in 11, T. yunnanensis in 5, and apple pectin in 2. 

Table 1. Patient characteristics. 

No. of patients 49 

Age (range), years 62.2 (39–86) 

Sex 

Men 

Women 

 

22 

27 

Progression of cancer 

Metastasis 

Recurrence after surgery 

 

31 

18 

Diagnosis of cancer 

Non-small cell lung cancer 

Breast cancer 

Hepatic cancer 

Gastric cancer 

Colon cancer 

Small cell lung cancer 

Pancreatic cancer 

Prostate cancer 

Oropharyngeal cancer 

Thymic cancer 

Kidney cancer 

Duodenal papillary cancer 

Uterine cancer 

Cancer of unknown primary 

 

18 

9 

4 

3 

3 

2 

2 

2 

1 

1 

1 

1 

1 

1 

Natural products 

Triterpenoid 

Parthenolide 

Fulvic acid 

 

48 

19 

11 
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Taxus yunnanensis 

Apple pectin 

5 

2 

5.3. Outcomes of patients treated with alkalization therapy and natural products in combination with 
standard treatments 

Figure 1 illustrates the survival duration for each patient following treatment with a combination 
of natural compounds and alkalization therapy, together with standard treatments. As of September 
30, 2023, the average survival time across the cohort was 2,886 days, ranging from 1,840 to 4,592 days. 
At the specified date, only 2 patients—one with non-small cell lung cancer and the other with 
pancreatic cancer—had died from their illnesses. 

 

Figure 1. Survival duration of the patients. 

This figure displays the individual survival durations (days) of each patient who underwent 
treatment combining natural compounds and alkalization therapy, in addition to standard cancer 
treatments. 

6. Summary and limitations 

Here we have summarized the anticancer effects of alkalization therapy and natural products, 
and reported cases of advanced cancer patients who were treated with alkalization therapy and 
natural products in addition to standard therapies and achieved long-term survival. On the basis of 
our clinical data, it is possible that the combination of alkalization therapy and natural products with 
standard therapies may have a higher anticancer effect than existing therapies on their own. 

There are several limitations to this review. First, this review was based on a single-center, 
retrospective, long-term survival analysis, and does not compare patients with and without 
alkalization therapy or natural products. Therefore, the possibility that only cases of long-term 
survival owing to factors not attributable to alkalization therapy or natural products were selected 
cannot be denied. Second, the natural products used and the combination therapy differ depending 
on the type of cancer and the case, making generalization difficult, and therefore, the results cannot 
be evaluated straightforwardly. Finally, it is difficult to provide any evidence regarding the degree 
of compliance of patients undergoing alkalization therapy, and furthermore, the degree to which the 
body and TME actually become alkalized remains unclear, and no investigation has been conducted 
to date on this point. 

7. Conclusion 
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Alkalization therapy and natural products have been suggested to have anti-cancer effects, but 
combining them may have even higher anti-cancer effects. The combination of these 2 therapies with 
existing standard therapies may be a new treatment strategy for advanced cancer, but further studies 
are needed to confirm the efficacy of this strategy. 
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