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Supplementary

1. Equivalence between endogenous and exogenous tumor regression

Regarding exogenous tumor regression by therapeutic agents, the upper bound and values of cell
lysis parameters of a particular chemotherapy drug (e.g., DNA damage producing drug as dacarbazine
or temozolomide) are available from the literature [1,2], including kus, ka4, kx , ks which respectively
denote the DNA damage-based lysis rates of tumor cells, antitumor lymphocytes, natural-killer cells,
and circulating lymphocytes (These citation numbers as [1] in this supplement refer to the bibliography
at the end of this supplementary document). Figure 2 of the main paper shows the correspondence
between tumor cell elimination by endogenous regression and by exogenous regression, i.e., by



spontaneous tumor remission and by therapy-induced tumor remission respectively.

Table S1. Values of the biological parameters of the tumor system.

Parameter  Value of Parameter Description of Parameter Reference

e 1 x 10! (per day) Rate of decay of IL-2 concentration [3]

Y 9 x 10! (per day) Temporal decay rate of DNA blockage factor 4]

o 7.5 x 108 (cells per day) Birth rate of circulating lymphocytes [5]

B 1.2 x 1072 (per day) Death rate of circulating lymphocytes [5]

ks 6 x 10! (per day) Lysis of circulating lymphocytes by DNA blockage [2]

e 2.08 x 107 (per day) Fraction of circulating lymphocytes that become [6]
NK cells

4.12 x 1072 (per day) Death rate of NK cells [6]

p 3.42 x 107 (per cell per day)  Inactivation of NK cells due to tumor cells [7]

kx 6 x 107! (per day) Lysis of NK cells by DNA blockage [2]

g 4.91 x 107! (per day) Maximum rate of NK cells recruitment by ligand-  [§]
transduced tumor cells.

h 2.02 x 107 (cell?) Steepness index of NK cells recruitment by tumor ~ [6]
cells

d 2.34 (per day) Saturation level of fractional tumor cell kill by [8]
CD8+ T cells, priming by ligand-transduced cell.

1 2.09 (dimensionless) CD8+ T cell-induced tumor cell lysis [8]

S 8.39 x 102 (dimensionless) Steepness coefficient (Q) of CD8+ T cell induced [8]
tumor cell lysis.

m 2.04 x 107! (per day) Death rate of CD8+ T cell. 9]

k 3.66 x 107 (per cell per day)  Steepness index of CD8+ Tcell recruitment, primed  [7]
with ligand-transduced tumor cells.

j 2.49 x 1072 (cell?) Max. value of CD8+ Tcell recruitment, primed [7]
with ligand-transduced tumor cells.

q 1.42 x 10 (per cell per day)  Inactivation rate of CD8+ Tcell induced by tumor [6]
cell

I 1.1 x 107 (per cell per day) Generation rate of CD8+ Tcell, induced by tumor [9,10]
cell lysis due to NK cell

1) 6.5 x 10! (per cell per day)  Generation rate of CD8+ Tcell, induced by [5]
interaction between tumor cell and circulating
lymphocyte.

u 3 x 10719 (cell? per day) Regulation of CD8+ T cell by NK-cell [5]

pc 1.25 x 107! (per day) Max. value of rate of CD8+ T cell recruitment by [3]
IL-2

gc 2 x 107 (cell?) Steepness index of rate of CD8+ T cell recruitment  [3]
by IL-2

ka 6 x 107! (per day) Lysis of CD8" T-cells by DNA blockage [2]

a 4.31 x 107! (per day) Growth rate of tumor [4]

b 2.17 x 1078 (per cell) Logistic growth of tumor (deceleration effect) [4]

c 6.41 x 107! (per cell per day) Non-ligand-transduced tumor cell lysis by NK cell.  [7]

kwm 9 x 10! (per day) Lysis of tumor cells by DNA blockage [2]
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We now proceed further to delineate the threshold values of DNA damage under endogenous as
spontaneous tumor regression, taking a cue from cell lethality by DNA damage or alkylation under
exogenous regression by chemotherapy alkylator drugs. For instance, it is known that the maximum
physiologically tolerated limit for DNA damage in a human subject of 60 kg weight is 270 mg dose
of alkylator drug temozolomide, CéHe¢NgO2 [2]. This amount corresponds to 8.35 x 10*° molecules of
temozolomide, since 194 grams is its molar weight (containing Avogadro’s number of temozolomide
molecules). On the other hand, there are 3 billion nucleotide bases in a human cell [11]. Since such
alkylating drugs do methylate the guanine base, there are 0.75 billion potential target guanine
molecules in a human cell.

Alkylator agency Guanine (DNA) Guanine alkylation
{e.g. TREX enzyme Or Temozolomide) (DNA damage)

NH>

o o N
Temozolomide HN N HN \>
N

Figure S1. Estimation of DNA interference in endogenous spontaneous regression in
terms of equivalentalkylation units. (the motifs are drawn in ChemDraw, the DNA helix
is from Open Source, the Trex enzyme is from RCSB-PDB database).

Furthermore, one also knows that the average human body volume is 60,000 cc., however the
majority of tissues are finally differentiated non-dividing form of cells at Go or quiescent state of cell
cycle. These quiescent tissues are the nervous system, bone, muscle, skin andblood serum (with
erythrocytes), totaling about 83% of body mass [12]. Indeed, such quiescent cells do not give scope of
cell proliferation and DNA alkylation, hence only 17% ofthe body, i.e., 14,800 cc. of tissue is amenable
to DNA interference or damage. Given the body’s average cell density is 10® cells/cc [13], we find that
there are 7.12 x 10%° guanine molecule targets potentially available for DNA alkylation damage.

This value of 7.12 x 10?° target guanine sites well corresponds to the aforesaid 8.35 x 10%°
molecules of alkylator temozolomide molecules available for enabling the DNA damage events (this
value of 8.35 x 10?° alkylator molecules well corresponds 7.12 x 10?° guanine sites targets, within
about + 5% experimental error around mean value). Hence, it can be posited that the maximally-
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tolerated limit condition indicates mechanistically that the upper bound of DNA damage is 1 alkylator
molecule per 1 alkylation target, i.e., 1 temozolomide methyl moiety acting univalently on 1
methylable C-6 vertex of guanine in DNA, this situation is physiologically the maximum tolerable
bound in exogenous tumor regression (Figure S1). This same rationale will apply to other univalent
alkylator chemotherapy drugs as dacarbazine.

2. Bounds of parameters in endogenous and exogenous tumor regression
2.1. Bounds of DNA damage

In endogenous regression, the DNA impairment is occasioned by DNA interference, as alkylation,
adduct-formation and intercalation. Accordingly, for endogenous or spontaneous tumor regression,
one can take the parallel physiological approach, and delineate that the upper limit of DNA damage is
one DNA alkylation event per one guanine base. That is, we can take DNA alkylation as an equivalent
formulation for DNA damage in endogenous regression. Thereby, it can be construed that the
maximum limit ofDNA damage in endogenous tumor regression is equivalent to 7.12 x 10%° guanine
molecule targets. This can be expressed as alkylation activity corresponding to 270 mg amount of
imidazole alkylator temozolomide equivalent units, or alternately to 1.412 mili-equivalent units
(expressing the univalently-reacting temozolomide amount in mili-equivalents). For other univalent
alkylator drugs, as dacarbazine, the maximum limit DNAdamage will be similar, i.e., 1.412 mili-
equivalent units. In parenthesis, one may mention that in cells, the biochemical interaction between
targets, receptors, antibodies,immunomodulators etc, can be well described in equivalent amounts
expressed as normalities or equivalent weights.

The aforesaid or correspondence enables one to quantitate the equivalence between (i) DNA
damage due to endogenous spontaneous regression, i.e., by 7.12 x 10%° DNA molecular intercalation
targets, and (i1) DNA damage due to exogenous drug-induced regression, i.e., by 1.412 mili-equivalent
units or 270 mg alkylator. Thus, we have the following quantitative equivalence between endogenous
and exogenous tumor regression, involving the same amount of damage of the malignant lesion.

Exogenous tumor regression Endogenous tumor regression
(Therapy-induced tumor egression): (Spontaneous tumor regression):

Malignant lesion damage by ~ | Malignant lesion damage by

270 mg alkylator (chemotherapy temozolomide drug) 7.12 x 10%° DNA molecular intercalation targets

From the above equivalence, one can obtain that 10'° DNA damage events produced by antitumor
activity of endogenous spontaneous regression has the same number of damage events as produced by
alkylation activity of 27 pico-gram temozolomide.

Hence, in our formulation, we can express the DNA damage of spontaneous tumor regression in
terms of mg. of equivalent imidazole alkylator units, or in mili-equivalent alkylation units, and the latter
parameter is taken as the units of parameter D in Eq (2) of the main text. To underscore, in
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endogenous spontaneous regression, the maximal bound of DNA damage in the adult person is thus
elucidated as 1.412 mili-equivalent units of alkylation (say, temozolomide-equivalents or
dacarbazine-equivalents). To put in proper perspective, units in mili-equivalents are not small
amounts, for instance the total amount of cuprous and cupric ion moieties in the adult human body
is 1.13 mili-equivalents [12], these ions take a crucial role in protein metabolism and enzyme reactions
across the body.

2.2. Bounds of antitumor factors

We hereby work out below the values of the maximum and minimum bounds of all the other
antitumor entities: interleukin-2, cytotoxic T-cells (tumor-infiltrating lymphocyte), DNA alkylation,
circulating lymphocytes, and natural killer cells, respectively. The values of these entities are
elucidated as follows (the values are also displayed in Table S2 below):

Regarding Interleukin-2 in endogenous tumor regression, the upper limit of Interleukin-2 that can
be physiologically tolerated, without harmful effects, is 7.2 x 10* i.u./kg body weight [2], which, in a
therapy perspective, translates to 4.32 x 10% i.u. per average adult person (60 kg. weight). We take this
value to likewise be the upper bound of interleukin-2 that can be physiologically tolerated or produced
in the adult person during endogenous regression (spontaneous cancer regression). Furthermore, if
there is no tumor, the immune reaction and its inflammatory cytokine (IL-2) concentration will be
negligible, i.e. the lower bound of IL-2 can be taken to be 0.

On the other hand, with reference to cytotoxic T-cell population (CD8+), one knows that 20150
cells/mm? is the subject’s maximum tolerated CD8+ T cell population [8]. So, the total number of
CD8+ T-cells in the 4.5 liters of blood (whole body) is 6.05 x 10'° cells in the adult (upper bound).
Likewise, as a tumor completely regresses, one knows that cytotoxic T-cell intensity reduces to
negligible values [7]. The lower limit of these T-cells may be considered to be nil.

Now we come to the matter of cumulative bound of tumor infiltrating lymphocytes or cytotoxic
T-cells. It transpires that in exogenous regression, the maximal bound of the injected tumor infiltrating
lymphocyte or cytotoxic T-lymphocyte is 13.7 x 10'° cells cumulatively across the duration of
immunotherapy [8]. Hence, we can here set this value to be the maximal bound of cytotoxic T-
lymphocyte that can be physiologically tolerated or generated cumulatively in the human host during
endogenous regression. Also, as per the discussion in the earlier paragraph, the minimum level of
cytotoxic T-cells cumulatively can be delineated as zero.

Now we consider the limits of DNA alkylation. We have seen in the earlier sections that there is
quantitative equivalence between DNA damage in endogenous spontaneous cancer regression and in
exogenous therapy-induced cancer regression. The upper limit of DNA alkylation damage for both
regression processes can be expressed with respect to activity of alkylator temozolomide, namely in
terms of temozolomide alkylation equivalent units (tae units). It is known that [2] the maximum
tolerable input of temozolomide for a human subject is 4.45 mg/kg/day. The minimum limit of DNA
alkylation for tumor regression that can be tolerated by the human body is 0, which would occur if the
tumor had not occurred, so that there was no need of endogenous nor exogenous tumor regression.

Thereafter, we consider the circulating lymphocyte bounds. Under active circulation, the typical
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blood volume ranges from 3.5 to 4.5 liters. Individuals may have lymphocyte concentrations as high
as 100 x 10° cells per liter [14]. A subject thus can have an upper bound of 4.5 x 10'! lymphocytes,
using the upper bound of the blood volume. Similarly, the minimum lower bound tolerated may vary
from 663—1160 lymphocyte per microliter for 612 months across a therapy for the patient [15]. To
obtain the minimum bound, we take the lower value of cell count and lesser value of blood volume, so
the minimum number of lymphocytes a subject can tolerate for up to six months is 2.32 x 10° cells.

Coming to the natural killer cells we consider as follows. The upper bound of these NK cell (with
CD56/CD16 lymphocyte as a marker) is limited to 13% of the lymphocyte population [16]. So, the
maximum value of the NK cell population in the individual is 5.85 x 10'° cells because the upper
bound of the lymphocyte population in the preceding paragraph is 4.5 x 10!! cells. However, the lower
limit of NK cells is zero in individuals with natural killer cell deficiency state, and one knows that an
individual can tolerate this condition for 3.5 months before any significant infection can occur [17].
As mentioned earlier, Table S2 summarizes the information of this section.

Table S2. Limits of upper and lower bounds.

Parameters Lower limit Upper limit
Interleukin-2 input, per day (vc) 0 7.2 x 10*1.U/kg/day
Cytotoxic T cells, total in person (4) 0 6.05 x 10 cells
Tumor infiltrating lymphocytes, 0 13.7 x 10 cells

cumulative input over full duration

(cumulative v,)

DNA alkylation input 0 4.45 mg/kg/day
(tae units), per day (vp)

Circulating lymphocytes in blood, 2.32 x 10" cells 4.5 x 10" cells
total in person (B) (max. duration: 6 months)
Natural killer cells, total in person (K) 0 5.85 % 10'% cells

(max. duration: 3.5 months)
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