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Is Weak Acid Beneficial for Addressing
Checkpoint Inhibitor–Triggered Cancer
Hyper Progression in Anti-PD1/PD-L1
Immunotherapies?
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Abstract
Numerous cases of checkpoint inhibitor–triggered cancer hyperprogression have been documented. A previous hypothesis
attributes cancer onset to the local buildup of hydrogen chloride, jointly mediated by hydrogen bond donors and acceptors and
basic amino acids. The anti-PD1/PD-L1 immunotherapies may have caused a surge of protons or chloride ions for the effective
treatment of neoplasm, thus giving rise to the local formation of hydrogen chloride and subsequently cancer hyperprogression in
some susceptible individuals. It was postulated that the local strength of acidity is critical for tumor growth and metastasis, as the
intake of weak organic acids reduces cancer risks. The anti-PD1/PD-L1 immunotherapies can be integrated with weak organic
acids to reduce adverse reactions and generate better anticancer outcomes.
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The living environment, dietary, and lifestyle factors are

closely related to human health. A large number of patients

suffer from cancer due to occupational exposure. Percivall Pott

first described the association between scrotal cancer and chim-

ney sweeps in 1775,1 and bladder cancer frequently occurs in

dye workers exposed to benzidine,2 and asbestos workers are at

high risk of bronchogenic carcinoma.3 Plant-based diet reduces

cancer risks, whereas smoking and overconsumption of alcohol

increase cancer incidences. Fusobacterium species substan-

tially enhance tumorigenesis of the colorectal system, whereas

lactic acid bacteria-containing yogurt significantly lowers the

rate of malignancies. Some bacteria help tumor to evade

immune surveillance. Obesity is a risk factor for neoplasm.

Patients with colorectal cancer harbor somatic genetic and epi-

genetic alterations, including locus-specific CpG island (CGIs)

methylation and global DNA or LINE-1 hypomethylation. Glo-

bal molecular features such as microsatellite instability, CGIs

methylator phenotype, global DNA hypomethylation, and

chromosomal instability give rise to variations of gene

functions on a broad scale.4 Nonsteroidal anti-inflammatory

drugs elicit anticancer effects, whereas vitamin D reduces can-

cer risk, perhaps via the neutralization of strong acids by cal-

cium salts.5 Germline and somatic genetic variations have

impact on immune function. For example, germline and

somatic mutations of TNFAIP3 are key factors in the transfor-

mation between autoimmunity and lymphoma.6

The efficacy of immune checkpoint inhibitors (ICIs) varies

widely among individual patients and tumor types. In a 2012

study, Topalian et al enrolled patients with different cancers to
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receive anti-PDCD1 (anti-PD1) antibody periodically and

quantitatively, among which 36% patients with CD274

(PD-L1)-positive tumors had an objective response but patients

with PD-L1-negative tumors were not sensitive to treatment.7

Le et al reported mismatch repair-deficient (dMMR) colorectal

cancers, with a large number of somatic mutations, are more

responsive to PD1 blockade than mismatch repair-proficient

tumors.8 However, the antitumor activity of single agent is very

limited in various tumors, and it can even lead to accelerated

tumor growth. In a recent study, 33.8% of patients with non-

small cell lung cancer (NSCLC) who received second-line

or later single-agent ICI therapy had experienced rapid

progression.9 Seniors older than 65 years may also be associated

with higher rate of hyperprogressive disease (HPD).10 Hyper-

methylations of promoter CGIs in tumor suppressors augment

tumorigenesis through epigenetic mechanism, signal transduc-

tion, or perhaps cation binding in cytosine.11 Several research

groups have reported cases of checkpoint inhibitor–triggered can-

cer hyperprogression with rates ranging from 7% to 29% in var-

ious cancers, and potential mechanisms have been proposed.12-16

A biochemical view can complement the biological perspec-

tives. A hypothesis was previously postulated that cancer onset

is triggered by the local buildup of hydrogen chloride, come-

diated by hydrogen bond donors and acceptors, and basic

amino acids.17-19 Red meat is presumed to be slightly carcino-

genic as defined by World Health Organization and marked by

the presence of myoglobin which harbors around 20% to 21%
positively charged basic amino acids, attracting anions such as

Cl� and contributing to the local formation of hydrogen

chloride.17,18 Boiled red meat with denatured proteins retain

its carcinogenic potential. Triacylglycerides, glucose, and etha-

nol harbor oxygen atoms or hydroxyl groups capable of hydro-

gen bonding and give rise to higher cancer risks in individuals

with obesity, diabetes, and alcoholism, respectively.19-21 Cal-

cium supplement capable of neutralizing strong acids signifi-

cantly reduces cancer incidences.5 The noncoastal southern

Yunnan Province and nonhumid central provinces in China has

low nasopharyngeal cancer prevalence, whereas the humid

coastal southern provinces in China and Southeast Asia have

high nasopharyngeal cancer rates,22 suggesting that hydrogen

bonding to protons plays a critical role in carcinogenesis of the

nasopharyngeal cavity in high-humidity regions. Individuals

with regular diarrhea or loose stools are much more prone to

develop colorectal neoplasm than individuals with soft stools.23

Enhanced hydrogen bonding to protons is likely to be the

culprit.17-19 It was proposed that the strength of local acidity

is vital for cancer growth and metastasis, since weak acid low-

ers cancer incidences.24-26 Chinese vinegar factories reported

few cancer cases over decades,24-26 and the vicinity of these

factories also had low cancer incidences,24 suggesting that the

volatile and weak acetic acid may counteract strong acids. The

Homo sapiens sodium/hydrogen exchanger 1 (NHE1,

SLC9A1) is the principle proton efflux machinery in maintain-

ing alkaline intracellular pH in glioma, and the blocking of

NHE1 protein sensitized animals to anti-PD1 immunother-

apy.27 Reducing tumor acidity with bicarbonate monotherapy

inhibited the growth of some cancers in mice, and integrating

bicarbonate therapy with anti-CTLA4 or anti-PD1 enhanced

the anticancer effects in several models.28

The anti-PD1/PD-L1 immunotherapies may have triggered

a surge of protons or Cl� for the eradication of cancer cells,

thus contributing to the local formation of hydrogen chloride.

Patients with basic amino acid polymorphisms in basic onco-

proteins or/and tumor suppressors may be at relatively high

likelihood for checkpoint inhibitor–triggered cancer hyperpro-

gression. Alternatively, patients with cancer with moderate

local acidity might be susceptible to the local surge of proton

levels or the levels of Cl� in the anti-PD1/PD-L1 immu-

notherapies. Weak acid usage can be integrated into these

immunotherapies to counteract strong acids and maximize

potential benefits (Figure 1). Since over-intake of NaCl may

increase local formation of HCl, reduced consumption of salt

Figure 1. A surge of proton and chloride ion levels may underlie checkpoint inhibitor–triggered cancer hyper progression.
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can be beneficial to the aforementioned integrated immu-

notherapies. The reduced consumption of meat during treat-

ment needs to be taken into consideration.

Future Directions and Conclusions

With the advent of immune checkpoint-blocking antibody,

marked advance has been made in the treatment of cancer.

To date, several ICIs are now approved for therapy, ipilimumab

was the first agent to be used for melanoma treatment,29 and

nivolumab, pembrolizumab, cemiplimab, and so on were

approved subsequently. Due to the limitations of single-agent

therapy, combination therapy possesses some advantages. The

5-year survival rate was 18.2% for patients with advanced

melanoma treated with ipilimumab plus dacarbazine, twice as

patients treated with placebo plus dacarbazine.30 Larkin et al

also demonstrated that the combination of PD1 and CTLA4

blockade was more effective than single-agent therapy in pre-

viously untreated patients with metastatic melanoma.31 By ana-

lyzing the progression-free survival curves of different

treatments, Suda suggested a possible strategy that HPD after

immunotherapy can be avoided with the combination of PD1/

PD-L1 inhibitors and cytotoxic chemotherapy.32

In addition to the combination therapy strategies, the role of

biomarkers is under intense scrutiny. As a tumor biomarker,

tumor mutation burden (TMB) has been shown to be an inde-

pendent predictor of response to immunotherapy. Hellmann

et al found that TMB strongly predicted the efficacy in patients

with NSCLC treated with PD1 and CTLA4 combination block-

ade.33 Molecular pathological epidemiology should be adopted

to find effective biomarkers to address checkpoint inhibitor–

triggered cancer hyperprogression in immunotherapies.4,34

Identified biomarkers related to HPD have been discussed in

detail by Wang et al, including tumor cell biomarkers, tumor

microenvironment biomarkers, laboratory biomarkers, and

clinical indicators.14

Oncoproteins and tumor suppressors usually have over 10%
to over 20% basic amino acids, accounting for their tumori-

genicity when additional disease-causing polymorphisms are

present. The lactic acid-containing yogurt or organic acid-

rich plant-based diet reduces cancer risks,7 perhaps via the

attenuation of local acidity. Modest calcium supplement can

be integrated with immunotherapy since insoluble calcium

salts counteract hydrogen chloride, which could also decrease

checkpoint inhibitor–triggered cancer hyperprogression. Clin-

ical trials should be conducted for the integration of weak

organic acids to immune-therapies before medical applications.
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