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Abstract 
Introduction: In hyperthyroidism, selective irradiation of the thyroid gland 
with radioactive iodine is a radical treatment and an alternative to surgery. The 
aim of this review is to assess the medium-term efficacy of outpatient treatment 
of hyperthyroidism with iodine-131 in Africa. Methods: We identified the stu-
dies carried out in Africa on outpatient radiation therapy between 2016 and 
2020. For each article included, we noted the country concerned and the year of 
publication, the numbers studied, the socio-demographic characteristics of the 
patients, the indications for radio iodine therapy, the dose administered, the 
results of the hormonal dosage 6 months after radiation. Results: 13 retros-
pective studies were included to constitute a total population of 925 patients. 
The average age was 40.77 years, the sex ratio of 1/5.4 with a clear female 
predominance. The 3 main etiologies of hyperthyroidism justifying outpa-
tient radio iodine therapy were Graves’ disease (55.89%), toxic multinodular 
goiter (22.70%) and toxic adenoma (21.40%). The average dose of iodine 131 
administered per course is 13.7 mCi. No short- and medium-term complica-
tions were reported. The radio iodine therapy was effective in 86.08% (n = 796) 
of the patients with extremes of 72% and 100%. Conclusion: Radio iodine 
therapy is effective in Africa. It is simple, inexpensive on an outpatient basis 
and well tolerated. The introduction of outpatient radio iodine therapy could 
improve the management of patients with hyperthyroidism in Burkina Faso. 
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1. Introduction 

Hyperthyroidism is a public health problem in Africa. Its prevalence is estimated 
between 1.2% and 9.9%, with Graves’ disease being the most common cause [1]. 
In 1936, Karl Compton, then president of the Massachusetts Institute of Tech-
nology (MIT) and the Thyroid Group at Massachusetts General Hospital 
(MGH), undertook a joint study that led to the production of small amounts of 
short-lived radioactive iodine from life (iodine 128, half-life = 25 min). The 
original intention was to use it for the diagnosis and treatment of thyroid dis-
ease. However, their first work was done on rabbits and published in 1938 to ex-
plore the underlying thyroid physiology. In 1941, the MGH-MIT team, using 
mainly 130 iodine, was able to successfully treat a few patients with hyperthy-
roidism and thus achieved their original goal. The Berkeley group did the same a 
few months later, using mainly 131 I or iodine 131 [2]. 

In 2021, the therapeutic approach to hyperthyroidism is intended to be op-
timal. This optimal approach incorporates patient preferences and specific clini-
cal characteristics such as age, medical history, goiter size… The three therapeu-
tic modalities recommended by the ATA (American Thyroid Association) are 
synthetic antithyroid drugs (ATS), radiation therapy (IRA) and surgery. Each of 
the treatment modalities has unique advantages and disadvantages that clini-
cians should be familiar with in order to best counsel their patients [3]. The suc-
cesses of outpatient radio iodine therapy in hyperthyroidism and the rich litera-
ture that accompanies it should be enough to convince us of the possibility of its 
implementation.  

However, 70 years after its beginnings, radio iodine therapy is a reality in the 
Maghreb, South Africa, Mauritius, Madagascar, Ethiopia, Uganda, Kenya, Ca-
meroon, Nigeria, Ghana, Senegal. The other African countries have still not 
taken the plunge despite the installation over the past twenty years of nuclear 
medicine services in many African countries. 

To answer this question, we undertook to study the data of the African litera-
ture on ambulatory radio iodine therapy published between 2016 and 2020. The 
objective was to demonstrate its feasibility and effectiveness in developing coun-
tries in order to expand its practice in Africa. 

2. Methodology 
Data used in the study in the form of full text and abstracts were obtained by a 
multi-source search strategy. The search terms were used in the following data-
bases: Medline (PubMed), Embase, Cochrane, Scopus, Sciences direct, according 
to the thesaurus of each of the databases, the abstracts published during con-
gresses as well as the national scientific research work such as a master’s or doc-
torate, the World Health Organization database and “Google scholar” as well as 
a manual search. 

2.1. Item Selection 

Relevant articles published between January 1, 2016 and January 1, 2021 were 
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selected. Articles were excluded: 1) dealing with radiation therapy in hospitaliza-
tion, 2) not providing post-radiation T4 assay, 3) published before January 1, 
2016. 

The relevant articles were selected on the following criteria: 1) original articles 
or clinical cases on the topic of outpatient radiation therapy, 2) African popula-
tions studied, 3) estimation of the T4 dose at 6 months post-radiation. The anal-
ysis of the 43 references identified made it possible to identify a total number of 
13 relevant articles (Figure 1).  

2.2. Article Analysis 

Three reviewers extracted and evaluated the data independently and then the 
agreement between the three reviewers by the statistical coefficient Kappa (k). 
For each article included, we noted the country concerned and the year of pub-
lication, the numbers studied, the socio-demographic characteristics of the pa-
tients, the indications for radio iodine therapy, the dose of radioactive iodine 
administered, the results of the hormonal dosage at 6 months post radio iodine 
therapy. Radio iodine therapy was considered effective if it resulted in euthy-
roidism or hypothyroidism 6 months after irradiation. There is the failure of the 
radio iodine therapy in the opposite case (persistent hyperthyroidism 6 months 
after radiation). 

2.3. Analysis of Collected Data 

The data collected was collated on a Microsoft Excel® sheet and analyzed using 
Random software version 2.13 for Windows®. The frequencies from the qualita-
tive variables were compared using the Chi-square test; means and medians us-
ing Student’s T-test. Differences were considered significant when the p-value 
was less than 0.05. 
 

 

Figure 1. Flowchart of the article selection process. 
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3. Results 
3.1. Descriptive Study 

 Characteristics of the articles included in the review 
13 studies mainly retrospectives were selected to constitute a total population 

of 925 patients. Table 1 shows the characteristics of the articles included. 
 Description of the study population 

The total number of all series combined was 925 patients. The average age was 
40.77 years with extremes ranging from 10 to 88 years. The sex ratio is 1/5.4 with 
a clear female predominance (84.40%). Table 2 represents the general characte-
ristics of the population studied. 
 

Table 1. Characteristics of articles included in the review. 

Réf Country Year Study population Eff Dosimetric protocol Limitations of the study 

4 Tunisia 2016 Hyperthyroids under 19 years old. 33 NS* 
Exclusively 

pediatric study 

5 
Ghana 

and Nigeria 
2016 

Hyperthyroid patients from two 
Ghanaian and Nigerian public hospitals. 

94 

Before 2010: single fixed 
dose of 10 mci. After 2010: 

fixed dose according to 
hyperthyroidism. 

Change of 
dosimetric protocol 

6 Morocco 2017 Graves disease 50 
Empirical dose 

according to UTV, age, 
socioeconomic level. 

Basedow alone 

7 Morocco 2017 Hyperthyroidism of all etiologies 77 Ablative fixed dose 
No mid-term 

hormonal assessment 

8 Tunisia 2017 Graves disease 70 Ablative fixed dose 
No short-term 

evaluation (3 months). 

9 Morocco 2019 Hyperthyroidism of all etiologies 208 NS*  

10 Tunisia 2017 
Post-ARI evaluation of two groups of 

hyperthyroid patients: 
Basedowian subjects and toxic nodules. 

78 NS* Excluding GMNTs 

11 Morocco 2018 
Evaluation of the therapeutic 

response after ARI 
78 Ablative fixed dose 

Selection bias 
(Basedow only) 

12 Algeria 2019 Description of clinical cases 02 
Empirical dose 

according to UTV 
Selection bias 

13 Cameroon 2019 
Review of 4 years of ARI and selection of 

patients who received ablative doses 
74 

Empirical dose 
according to UTV 

Consideration of 
ablative doses 

14 Senegal 2020 
Population of hyperthyroid patients 

who received an ablative dose 
66 Fixed dose Preliminary study 

15 Tunisia 2020 
Hyperthyroidism secondary to 

Graves’ disease 
54 Fixed dose 

Exclusion of ATs 
and GMNTs 

16 Tunisia 2020 
Hyperthyroid patients with analysis of 

predictive factors for the result of the ARI 
41 NS* 

Dosimetric protocol 
not defined 

Ref: Reference; Eff: Effective; NS*: Not Specified; UTV*: Ultrasound Thyroid Volume. 
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Table 2. General characteristics of the population studied. 

African studies published from 2016 to 2020 
Age Gender Effective of 

series Average Ext* F* M* 

Rezgani C. et al. in 2016 in Tunisia [4] 16.87 ± 2.2 NR* 29 4 33 

A. Yetunde et al. in 2016 in Nigeria and Ghana [5] 47.38 ± 12.34 20 - 74 80 14 94 

M. Ben Souda et al. in 2017 in Morocco [6] 41.8 21 - 57 45 5 55 

H. Aschawa et al. in Morocco in 2017 [7] NR* NR* NR* NR* 70 

El Feleh E. et al. in 2017 in Tunisia [8] 40.5 NR* 63 15 70 

I. Rezgani et al. in 2017 in Tunisia [9] 45.11 ± 15.81 13 - 80 64 10 78 

S. Choukry et al. in 2018 in Morocco [10] 12 10 - 14 2 0 2 

JF Nwatsock et al. in 2019 in Cameroon [11] 55 19 - 82 175 33 74 

T. Bounab et al. in Algeria in 2019 [12] 43.5 18 - 75 57 9 66 

F. Fokoue et al. in 2019 in Morocco [13] 38.33 ± 12.7 20 - 79 NR* NR* 54 

E. H. A. L. Bathily et al. in 2020 in Senegal [14] NR* NR* 34 7 41 

A. Sellem et al. en 2020 in Tunisia [15] 38.33 ± 12.7 20 - 79 NR* NR* 54 

A. Grassa et al. en 2020 in Tunisia [16] NR* NR* 34 7 41 

NR* = Not specified; F* = Women; M* = Men; Avg*: Average; Ext*: Extremes. 

3.2. Analysis of the Modalities of Iratherapy 

 In which hyperthyroidism? 
The 3 main etiologies of hyperthyroidism that motivated outpatient radio 

iodine therapy in all series were, in increasing order of frequency: toxic adenoma 
(21.40%), toxic multinodular goiter (22.70%), Graves’ disease (55.89%). Figure 2 
represents the main etiologies that justified radio iodine therapy in our context. 
 Place of iratherapy in the therapeutic strategy 

In 61.11% of cases, radio iodine therapy was administered as a second-line 
treatment after ATS treatment. In these cases, it occurred after a failure of 18 
months of medical treatment with ATS, desire for pregnancy, and side effects of 
treatment with synthetic antithyroid drugs. In the other cases (38.89%) the radio 
iodine therapy was administered as the first or third intention. The separate 
proportions (1st and 3rd intentions) could not be combined. 
 The dose administered 

The average dose administered is 13.7 mCi. The dose was fixed in 50% of the 
studies. The dose calculation was empirical in 21.42% of the studies. The proto-
col was not specified in the other studies. 
 Evaluation at 6 months post radio iodine therapy 

No short- and medium-term complications were reported in any series com-
bined. The efficacy of all series combined was 86.08%. 

The performance of the radio iodine therapy at 6 months is shown in Figure 
3. 
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Figure 2. Etiologies of hyperthyroidism. 
 

 

Figure 3. Performance of radio iodine therapy in Africa from 2016 to 2020. 

4. Discussion 

In the medical field, the progression of knowledge is due not only to the recep-
tion of new data but also and above all to the assimilation of old ones. A single 
study can never truly answer a research question posed by practice, whereas all 
of the studies that already exist will perhaps make it possible to gradually ap-
proach a truth, at least to define the hypotheses and objectives of new studies 
that will contribute to this [17].  

4.1. Limitations of the Review 

Selection bias is inherent in this review as all included studies were retrospective. 
In wanting to provide recent data, we have voluntarily selected studies published 
between 2016 and 2020. This has systematically eliminated several data from 
countries where the interest in ambulatory radio iodine therapy no longer needs 
to be demonstrated and whose data are more than 5 years old. These are mainly 
Egypt and South Africa. 

4.2. Studies Included 

As of July 31, 2021, our research databases have recorded 13 studies published 
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over the past 5 years (January 1, 2016 to December 31, 2020) on outpatient ARI 
in Africa. The distribution of studies is as follows: Senegal: one study; Came-
roon: one study; Ghana and Nigeria: a joint study; Morocco: four studies; Alge-
ria: a study; Tunisia: five studies. In order to limit the heterogeneity of the dif-
ferent series, we excluded the South African study by Onimode A. et al., which 
was specifically male. [18] The South African study looked specifically at radio 
iodine therapy in male patients with Graves’ disease. 

4.3. Comments 

The aim of our review was to present what has been done over during the 5 years 
in terms of outpatient radioiodine therapy in Africa. 

On an outpatient basis, treatment with radioactive iodine is done by oral ad-
ministration of a capsule or a solution of iodine 131 in the form of sodium 
iodide (NaI). 

In all the series the female gender is predominant. 
Hyperthyroidism is a disease of women over 40. When it is male, it usually 

occurs earlier. The age of patients who benefited from radio iodine therapy is 
telling in our review. Rezgani C et al. in Tunisia [4] focused particularly on radio 
iodine therapy in a cohort of 33 hyperthyroid children. Post-radiation hypothy-
roidism was obtained in 100% of cases, the average response time was 3.27 
months (1 to 6 months). A single case of recurrence of hyperthyroidism was 
noted at 1 year, requiring a second treatment with installation of post-radiation 
hypothyroidism after 2 months. Thus the radio iodine therapy seems particular-
ly effective in young subjects with a better response time. 

Two main etiologies were underlying the radio iodine therapy. These are au-
toimmune hyperthyroidism (Basedow’s disease: 55.89%), autonomic hyperthy-
roidism (multinodular goiter: 22.70% and toxic adenoma: 21.40%). Internation-
ally accepted indications for outpatient radio iodine therapy have been estab-
lished based on randomized trials, meta-analyses, and systematic reviews. The 
recognized indications are as follows [19]:  
- Autoimmune hyperthyroidism: intolerance to synthetic antithyroid drugs, 

the impossibility of weaning from synthetic antithyroid drugs after 24 
months of treatment, associated pathologies, non-compliance with medical 
treatment, recurrence regardless of the first treatment; 

- Autonomic hyperthyroidism: diffuse, uni or multinodular non-compressive 
goiter in moderate hyperthyroidism without suspicion of associated cancer. 

In our different series, radio iodine therapy was most often (61.11%) pre-
scribed as second-line [6] [7] [9] [11] [12] [14] following failure of synthetic an-
tithyroid drugs (non-compliance, abandonment, persistence of the hyperthy-
roidism, relapse after surgery) or following a refusal of surgical treatment. 

The principles underlying the selection of the dose of radio iodine therapy to 
treat hyperthyroidism are based on studies and observations in populations that 
have not generally included African subjects. [5] Hence the importance of stud-
ying the dosimetric parameters of radio iodine therapy in Africa. These dosime-
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tric parameters are different depending on the series. Two main protocols are 
described: 
- A fixed dose is to be administered [5] [7] [8] [11] [14] [15] depending on the 

etiological diagnosis: 15 mCi for Graves’ disease and 30 mCi for autonomic 
hyperthyroidism and diffuse goiter. 

- A dose to be administered that can be adjusted, is called empirical [6] [12] 
[13] depending on age, ultrasound size of the gland, and treatment history. 

- The French Society of Nuclear Medicine (SFMN) [19] recommends two 
main principles for calculating the dose to be administered based on the eti-
ology. So:  

- In hyperthyroidism on diffuse, autoimmune or autonomic goiter, the occur-
rence of post-therapeutic hypothyroidism is frequent. Therefore the recom-
mended absorbed dose level reducing hyperthyroidism is 60 - 90 Gy. The 
recommended absorbed dose level for ablative purposes is 100 to 300 Gy. 

- In nodular autonomic hyperthyroidism, the risk of hypothyroidism is mod-
erate but increases with the extent of the autonomic lesions; incomplete ex-
tinction of healthy parenchyma; and a high target absorbed dose level. The 
recommended absorbed dose level is 130 to 200 Gy in unimodular goiters, 
and 80 to 130 Gy in multinodular goiters. 

In Morocco [9] an innovative and practical strategy integrates the so-
cio-economic level of the patient in the dosimetric approach. When the patient 
has a low income and comes from a remote location, the ablative dose is rec-
ommended with early management of post-radiation hypothyroidism. 

It therefore seems judicious to establish standard protocols according to the 
context of the type of hyperthyroidism and the objectives set. The ablative objec-
tive being the most sought after, dose optimization implies a sufficient dose, i.e. 
between 100 and 300 Gy in Graves’ disease. Studies carried out in the Maghreb 
[8] [9] [10] have shown more convincing results at optimal doses. 

Post-radiation hypothyroidism or euthyroidism are radio iodine therapy effi-
cacy criteria. This efficiency, all series combined, has been 86.08% over the past 5 
years in Africa. 

No cost data is available. But on an outpatient basis, a cure consists of the in-
gestion of a capsule or a solution of radioactive iodine. In France, a capsule of 
radioactive iodine costs less than 10 euros. Even with the costs (specific to each 
context) inherent in importing these products into Africa, it can be estimated 
that radio iodine therapy remains less expensive than taking synthetic antithy-
roid drugs daily for at least 18 months. 

Importantly, no side effects of radio iodine therapy have been reported in the 
short to medium term. This is a fundamental point as the term “radioactivity” 
tends to serve this therapeutic modality. Also, no study in the international lite-
rature reports a side effect of a malignant pathology type after radio iodine 
therapy. Comparatively, taking synthetic antithyroid drugs is not devoid of side 
effects that are certainly rare (less than 1%) but not zero. Thus acute agranulo-
cytosis (0.2% to 0.5%), bone marrow hypoplasia, cytolytic and retentional hepa-
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titis, immuno-allergic vasculitis can occur after taking synthetic antithyroid 
drugs. [20] 

5. Conclusion 

This review shows that outpatient ira therapy is possible and effective in hyper-
thyroidism in Africa. Its implementation is simple and at the risk of repetition, 
no complications are reported in the short and medium term. Finally, ira thera-
py is less expensive than the 18-month treatment with ATS or surgical treat-
ment. Furthermore, the existence of elderly hyperthyroid patients and/or carri-
ers of multiple defects contraindicating surgery; the many cases of failure of drug 
treatment require local development of the management of hyperthyroidism in 
Burkina Faso. We hope that this clarification gives a place for outpatient radio 
iodine therapy in the management of hyperthyroidism in Burkina Faso. 
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Abstract 
The current immunooncology artificially ignores the connection with lym-
phopoiesis, though is only its derivative. Hematopoietic stem cells (HSC) 
provide physiological regeneration of biomass of the host, fetus, and malig-
nant tumors, as well, as the cells’ reparation after sub-lethally injuring in any 
tissues and their renewal. HSC, especially of lymphoid lineage, are the most 
vulnerable of those, which are responsible for viability of organism. Natural 
and artificial deficits of HSC determine aging, multi-organs syndromes and 
death of the host, because their current proliferative resource (CPR) is indi-
vidually limited at birth, and is spending irreversibly during wounds’ healing, 
pregnancy, tumor growth, and on. CPR, being an integral value of the num-
ber of stem cells along the length of their telomeres, is a “shagreen skin”, for 
which the tumor competes with normal tissues as a quasi-embryonic favorite 
and winner, especially in the final period of a shortening the life. The primary 
approach to cancer treatment must prioritize the preservation of CPR rem-
nants, rather than their destruction, in order to temporarily halt the malig-
nant process. The re-targeting of HSC from tumors in favor of normal tissues 
is the immediate objective of competitive therapy, which allows for preserving 
the rest of the CPR host’s resources, especially in patients with advanced cancer. 
However, the contradictory and insignificant practically, the dogma of antitu-
mor cellular immunity continues to dominate and hinder progress in oncology.  
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1. Introduction 

Correct analysis of the nature of malignant growth is impossible without the 
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consideration of general principles of the creation and renewal of biomass in the 
body. Instead of this, the dominant doctrine of immune-oncology implies the 
axiomatic formation of new antigens, which are alien to the host. It justifies the 
dogma of natural protection and fighting of the host against malignancy. All 
circulating white blood cells are assumed to a programmed to antitumor defense 
ultimately. The stages of cell differentiation in lymphopoiesis have been ignored, 
the immature cells are discussed only in terms of their supposed functional ma-
turity, neglecting a natural process of cells’ aging [1].  

During 65 years of adaptation to the clinical results, cellular immunooncology 
became a very sophisticated branch of science, due to manifold ad hoc. To ex-
plain low practical justification [2] [3] [4], many reasons were involved, like a 
“suppression”, “deception” of immunity by a tumor, down-regulation of tumor 
antigen presentations, an expression of molecules either to induce apoptosis of T 
lymphocytes, or to inhibit cytotoxic T lymphocytes, an expression of molecules 
for self-resisting to cytotoxic T-cells, a block of expression of molecules essential 
for co-stimulation of T cells, expression or overexpression of antiapoptotic mo-
lecules, like protein PD-L1 on the surface of tumor cells for resistance to effector 
mechanisms of NK and cytotoxic CD8+ T cell, regulatory T cells (Treg) with 
pro- and antitumor properties [5], which discovered even among cytotoxic 
CD8+ cells [6], and on. 

Models of parameters inhibiting cancer immunity, and parameters promoting 
cancer immunity include 26 nodes and 107 interaction links [7], dissipating the 
attention to the actual mechanism and disorienting a search for effective ap-
proaches to treatment. Many modern authors continue to move away from the 
key processes at the level of the organism, exaggerating the role of molecular 
mechanisms that are nothing more than only subordinated ones [8]. They come 
to a conclusion about the existence of therapeutic enhancing antitumor immun-
ity without consideration of elementary data like given below. Meanwhile, a re-
jection of malignant tissue remains a pipe dream of oncologists, whereas the re-
tention of an allogenic graft and avoiding of its easiest natural rejection is an in-
soluble problem of a transplantologists, which both use one theory of cells im-
munity. The modern strategy of immunotherapy demands to reduce of regula-
tory T cells-“suppressors” in cases of cancer, but extends them in case of allo-
graft [9]. It is not clear, why such opposite immune reactions are expected, if 
both malignant tissue and allograft, in the case being non-self, have to provoke a 
uniform anti-allogeneic response. It is not clear also, why the practice of therapy 
in both of the cases leads to uniform lymphocytopenia. Similarly, why the 
age-related decline in immunity associated with decreased survival of recipients 
of the liver allograft [10], but followed by improvement of mortality, incidence 
and prevalence of malignancy among old patients [11]. The favorite paths of the 
tumor cell’s dissemination, namely blood, and lymph nodes, are the very loca-
tion of supposed “protective” cells. The modern anti-angiogenic therapy [12] 
[13] prevents circulating lymphocytes from interacting with tumors. The idea of 
non-selective cytotoxic therapy as the stimulator of immune defense against tu-
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mors dominates despite the main antineoplastic agents are carcinogenic, toxic, 
mutagenic, clastogenic, and teratogenic [14], and treated cancer survivors have 
an increasing risk of developing new malignancies by 14% compared with the 
general population [15]. The idea of a tumor’s deception of immune protection 
is popular, in spite of the lowest limits of lymphocytopenia permitted at cancer 
therapy [16], are comparable with such for survivors after the nuclear bombing 
[17]. The last trend from “enhancement immunotherapy” (pushing the immune 
system to the supraphysiological level) to “normalization immunotherapy” (a “de-
ceiving” the tumor, which has already deceived the immune system) [18] shows, in 
fact, an endless attempt to save the dogma of cancer immunogenicity. However, as 
far as the humoral immunity is clear, the cellular immunity remains so vague. 

The aim of this review is to consider the processes, which are not in the view 
of immunooncologists. The considered data does not confirm the present total 
priority of the immune mechanisms in the theory and practice of modern on-
cology but confesses the collaboration between the host and malignant tissue as 
a quasi-embryonic part of the body [19]. The proposed conception solves the 
main controversies noted above, and is quite applicable to other pathologies, 
along with malignancy. 

2. Hematopoiesis and Life Span Limitation 
2.1. Bone Marrow 

Classic radiobiology has established that among systems, responsible for saving 
of viability of the host itself, the hematopoietic one is the most injurable, and 
therefore limits a life span. Acute whole-body irradiation (WBI) provokes “he-
matopoietic” type of death during 1 - 2 months. Irreversible, not-recovered loss 
of hematopoietic stem cells (HSC) followed by “gastrointestinal” death in 3 - 6 
days, due to the lack of natural morphogenic cells-migrant from bone marrow 
(BM), which provide regeneration of enterocytes in crypts, and thus, the integr-
ity of mucosa lining. The rapid “gastrointestinal” death is indirect because ga-
strointestinal epithelial cells are more radioresistant than the lymphoid migrants. 
It has been proved by classic experiments with parabiotic animals, and by partial 
shielding of BM, as a source of HSC. The shielding from irradiation saves of 
HSC migrants with the property of endothelial progenitors (EPC) [20] [21] [22] 
[23] [24]. The source of HSC in tissues might be ubiquitous throughout the 
body. Very small (<2 microns) totipotent stem cells transient into pluripotent 
CD10, TdT (terminal deoxynucleotidyl transferase) cells for common lymphoid 
progenitors. Their level in blood changes from 2 × 1011 per l to 3 × 1010 per l [25] 
[26].  

2.2. Aging 

Surprisingly, natural myelosuppression starts right after birth and lasts during 
the entire life (Figure 1). The active (red) BM in humans is reduced during the 
first 40 years from 100 to 27% - 30% [27]. 
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Figure 1. Natural involution of red bone marrow in the human body by age. 
 

The CD34 HSC spends continuously during the life, colonizing the thymus 
and promoting repair-regeneration of BM and non-hematopoietic tissues as di-
verse as gastrointestinal epithelium, liver, heart, muscles, lungs, kidneys, skin, 
brain [28]. Moreover, the self-repopulation’s capacity of each HSC decreases 
steadily, especially during the last third-quarter of life [29]. 

2.3. Thymus 

The same natural involution is going by age in thymus, as the organ colonized 
by HSC from BM [30]. Among healthy people 25 - 75 years old, 22% and 97% 
have complete fatty replacement of the gland (Figure 2). From 52% to 3% of 
people have predominantly fatty attenuation (Score 1), from 18 to 0.5% have half 
fatty and half soft-tissue attenuation (Score 2), and only 8-0.1% have solid 
thymic gland with predominantly soft-tissue attenuation (Score 3, Figure 2). 

Complete fatty replacement of thymus is coming for 80% of the old ≤ 39 years 
and for 97% of ≥ 70-year-old healthy humans. The irreversible and speedy invo-
lution of thymus in adults up to death does not much to generally accepted 
function of T-lymphocytes, but rather indicates their involvement in the renewal 
of the somatic sphere of the body during its aging, like the BM does. The cells of 
thymus relate to the increase and decrease of biomass during the development of 
organism. It follows obviously from the analysis of short postnatal period. Dur-
ing 1.2 - 1.3 months of life, the wet weight of thymus (TWW) increases 4-fold, 
and average mass of the body (MB), heart, lung, kidney, liver, spleen, pancreas, 
brain increase 2.34 ± 0.35-fold also [33]. A TWW during children’s growth spurt 
(from 2.5 to 13 years old), continues to increase 1.4-fold (from 25 to 36 g), in paral-
lel with 2,1-fold increasing the average rate of MB, with rate (MBR) from +2.3 kg 
per year to +5 kg per year) (Figure 3). Later, during 13 - 19.5 years old, the both  
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Figure 2. Natural involution of thymus and base metabolic rate during aging of adults. 
Abscissa: age, years. Ordinate: percentage of adult people with different levels of fatty de-
generation in thymus (circles) and kilocalories per year for postnatal base metabolic rate 
of people (rhombuses). 1 (white)-predominantly fatty thymus; 2 (gray)-approximately 
one-half fatty and one-half soft-tissue attenuated thymus; 3 (black)- predominantly 
soft-tissue attenuated thymus [31]. Natural decellularization of both BM and thymus or-
gans coincides with postnatal decreasing of the base metabolic rate (BMR, rhombuses; 
original data extracted and calculated from [32]). 
 

 

Figure 3. The dependence of the rate of mass of a body (MBR) from wet weight of human 
thymus (TWW) by age. Abscissa: TWW, g. Ordinate: MBR, kg per year. Dotted line: li-
near approximation of data.  
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TWW and MBR decrease 1.9-fold (from 36 to 18.7 g) and 8.3-fold (from 5 to 0.6 
kg per year). To 20 years old, the thymus loses a half of its maximal mass, and 
continues to loss it up to 80 age from 19.5 to 9.4 g in parallel with decreasing of 
MBR from +0.6 to −0.68 g per year [34] [35].  

The loss of fat-free body mass of aging adults, in parallel, is accompanied by 
the moderate loss of total T cells (69% to 61%) in blood, faster loss of naïve 
CD45RA + CCR7 + post-thymic cells (from 27% to15%), and fastest loss of stem 
CD34, TdT cells (from 0.25% to 0%). The stem CD34, TdT cells of teenagers 
dwell in cortex of thymus, which mass dominates over the medulla around 4 
times. The involution of the cortex by age proceeds at a rate approximately two 
and a half times faster than that of the medulla. As a result, the thymus is the 
main source of lymphoid stem cells LSC (CD34, TdT, CD90, CD117) in blood 
during only the first half of life, but BM dominates during the second half [36]. 

Neither physiological involvement of Treg in the health of normal tissues, nor 
their natural cells aging at the telomeres’ level [37], nor coexpression of T reg 
markers CD25 [38], CD31 [39], PD-L1 [40], VEGFR-2 [41] with markers of he-
matopoietic stem cells (HSC) CD133, CD34, CD90, CD117, CD127 [42] [43] 
[44] [45], nor kinetic transition of lymphopoiesis into abnormal (symmetric) re-
gime with turbulent (periodic) production of innate lymphocytes [46]-[52], nor 
the nature of apoptosis as a holocrine type of secretion [53], nor a dependence of 
Treg number from the lymphopenia’s level [54] [55] are not the points of po-
lemical discussion in immune-oncology. Actually, the increased proportion of 
immature cells, in particular, “regulatory” lymphocytes (Treg) in cancer patients 
with lymphopenia is the first sign of functional overloading of lymphopoiesis, 
which is non-homeostatic, symmetric one. Their increasing manifests an inevit-
able failure of the natural level of stem cells’ number and limitation of their 
self-reproduction by shortening of telomeres. The event of apoptosis-programmed 
cell death has been considered in relation to malignant cells mostly, though it is 
intrinsic for young lymphocytes and named in cell physiology as a secretion of 
the holocrine type, which promotes the proliferation of surrounding cells [53]. 
Ignoring this, oncoimmunlogists consider innate T reg cells with stem markers, 
as special members of immunity, which show sometimes an annoying pro-tumor 
activity [56]. 

3. Functional Resource of Stem Cells 
3.1. Number in Circulation 

The sign of specific T-cells maturation (sjTRECs-excision circles of extrachro-
mosomal DNA) in most recent naive T-cell emigrants from the thymus decreas-
es dramatically around 1000-folds from 20 to 60 age [57], indicating the in-
creasing incompleteness of T-cells differentiation in parallel with a declining 
lymphocytes’ number by age. 

The differentiation of CD34 HSC migrated in the thymus from BM does not 
aim to produce only matured T-lymphocytes, but a continuum of stem-progenitor 
cells at different stages of aging, myeloid cells, young NK cells (+CD2 low, -CD3, 
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-CD5, -CD7), alike it is going in a BM [58]. The number of young CD90 and 
CD4 CD25 cells in the gland decreases by age 5.7-fold and 2.9-fold [59]. Besides 
this, up to 12% of immature cells are registered in the peripheral blood of 
healthy adults [60]. Most of post-thymic immature cells in the blood are corti-
sone sensitive and tend to apoptotic decay, being CD25-positive, i.e.- regulatory 
cells T reg [61]. The enigmatic stem CD34+TdT+ and CD34+CD4+γδTCR naive 
progenitors of T cells constituted a minor population in the peripheral blood, 
but their major subset is among tissue-residing and intraepithelial lymphocytes 
[62], which play versatile roles in tissue regeneration, inflammation, and au-
toimmune diseases, as assumed in [63]. However, the number of these cells is 
not enough for evaluation of the amount of their functional resource. 

3.2. Telomeres 

Circulating normal white blood cells have a minimal percentage of hematopoie-
tic stem cells or multipotent progenitors (HSC-MPPs). Though they are found in 
many tissues as a main source of morphogenic activity across a life span, their 
telomeres’ length (TL) are shortest compared with other tissues of the human 
body [64] [65]. Besides this, the rate of a loss of telomere length (TL) by age in 
lymphoid lineage (LL) two times (0 - 18 years age) and 1.5 times (19 - 100 years 
age) faster than in a myeloid lineage (ML) [66]. At the age 75 years old, the LL 
and ML lose 6 and 4 kbp (kilo base pair) telomere length, with exponential rates 
−0.03 and −0.022 per year, reducing the length of telomeres to 0.60 and 0.85 
kbp. In the advanced part of life 75+ these telomeres reducing goes with more 
increased exponential rate −0.139 and −0.063 per year, correspondingly to [37]. 
Faster loss of reproduction capacity of LL vs ML confirms the fact, that lym-
phopoiesis is a most injurable lineage of hematopoietic system, stem cells of 
which are involved in the physiological or pathologic repair of the epitheli-
al-endothelial spheres, circulating with blood into tissues [23] [24] [26] [37] [67] 
[68] [69] [70]. 

The strong loss of TL is very typical for advanced age of the healthy human as 
well, as for accelerated aging of the hosts with malignancy. The TL decay leads to 
either transient lymphopenia, or direct irreversible exhaustion of lymphopoiesis, 
followed by a temporal or insufficient forcing of proliferative processes in tis-
sues, depending on the original level of a cell number in circulation [71] [72]. 

Thus, the viability of human is provided presumably by current proliferative 
resource (potency) of BM (CPR) described as a product of current HSC number 
and current capacity of cells to multiply, i.e. the length of their telomeres [48] 
[73]. The term a current proliferative resource of hematopoietic system (CPR) 
will be used further in the text.  

3.3. Conclusion 

This brief description of natural rules in hematopoiesis shows a permanent 
post-pubertal involution of both BM and gland by age. But the physiology of the 
thymus is not self-sufficient, it is submitted to the maternal bone marrow BM 
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activity at large. The aim of thymus is the provision of forced morphogenesis 
during the relatively short period of puberty age, than the production of the ma-
jority of old (matured) T lymphocytes as a basic pool of T-cells immunity. 

The second substantial conclusion is that the peripheral blood contains a con-
tinuum of T-cells with transitional stages of their differentiation, i.e. levels of 
cells’ aging. The composition of this continuum changes regularly along with the 
aging of the host. These unstable, natural cytological conditions, are quite pro-
vocative for alternative descriptions of the relation between lymphopoiesis and a 
bright range of pathologies, including cancer. 

Nevertheless, irreversible and deadly loss of colony-forming HSC during 
whole body irradiation (WBI) < 1000 Gy provokes first the “hematopoietic” 
form of death in acute radiation syndrome (ARS), which lasts 1 - 1.5 months. 
Gastrointestinal and neurovascular forms of death appear after complete inacti-
vation of the lymphopoietic system by doses > 1000 - 1200 Gy and last from tree 
days to several hours [74]. The strongly delayed period of the death during “he-
matopoietic” subsyndrome vs. two other ones is due to the mechanism of ex-
tra-support of an own somatic cell viability by morphogenic cells -migrants from 
BM and thymus.  

The ARS, being a highly professional term at the beginning of radiobiology, 
was updated later in relation to the late effects of ARS as a multi-organ fail-
ure-dysfunction (MOF) [17] [75], which resulted from a late deficit of HSC in 
survivors. The term MOF after irradiation as well, after uptake of a chemical ra-
diomimetics, as well as after the impact of anticancer compounds [76], had ex-
panded later on entire pathology as multi-organ dysfunction syndrome (MODS) 
[77]. The essence of MODS is lymphopenia, nausea, dehydration, skin problems, 
alopecia, infertility, cardiomyopathy, bleeding, peripheral neuropathies, memory 
loss, osteoporosis and other symptoms of premature aging via loss of HSC, 
which are similar to mielosuppression induced by irradiation [78]. The same 
problems of an HSC’ loss occur at many different diseases, including non-treated 
cancer, and senility (infirmity), after cancer radio-or chemotherapy. All these 
symptoms are similar and known as a “side effects, complications”. 

Thus, the facts show absurdity to percept the T-linage of lymphopoietic sys-
tem as a defensive one only. Neglecting processes of cells’ differentiation, i.e. the 
functional specificity of immature lymphocytes in stem and progenitor stages, 
the immunooncology took itself out of the general conception of lymphopoiesis, 
though it has to be only part of this system.  

4. About Experiments 
4.1. One-Sided Interpretation of Results 

All models in experimental oncology have disproportionately high ratio of a 
mass of grafted malignancy toward mass of a host animal in comparison with a 
human. This specificity accentuates a successful competition of tumors with 
normal tissues for growth and energy resources of the host. The base metabolism 
closely relates to the body mass renewing, including the normal and pathological 
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types of reparation-regeneration, and general viability, i.e. life span [79]. Earlier 
we demonstrated a 5-times inhibition of the yields of radiogenic lymphomas in 
thymus of (C57Bl × CBA) F1 mice after the artificial decline of their metabolic 
activity by temporary substitution of intracellular water H2O onto 30% D2O, that 
leads to the more, than 6-times suppression of synthesis DNA in tissues before 
irradiation [80]. As a hydrogen bonds formed by deuterium are stronger than 
those formed by protium in total organism, this kind of metabolisms inhibition 
has not a chemical, but pure physical nature. Regardless decreases mitotic activ-
ity of immune cells too, the mass of grafted lung tumor RL67 in (C57Bl × CBA) 
F1 mice with substituted body water on 20%, 30% and 40% of D2O decreases 
4-fold, 8-fold and 11-fold in the two weeks. Then, why this result is quite oppo-
site to expected prosperity of malignant developing due to inhibition of immun-
ity? May a key metabolic factor of the mice influence of the growth of malignant 
allograft independently on immunity? 

The widely used in immunooncology experimental models of athymic (nude) 
mice have strongly reduced number of matured lymphocytes, a reduced growth, 
general body weakness, and limited life span [81]. But the incidence and type of 
spontaneous tumors in them were comparable to those observed in phenotypi-
cally normal nu/+ and +/+ controls. This argues against the thymus dependence 
of the putative immunological surveillance mechanisms [82] [83] [84]. However, 
it is strongly ignored in experimental immunooncology. Other examples of in-
fluence of original status of the host viability on experimental malignant growth 
are given below.  

Viability of a native host athymic nude mice (NM) is 2.2-fold lower (6 - 12 
months), than that one of immunodeficient mutants (knockout) mice NSG (18 - 
21 months). At 60th day after transplantation of human breast cancer cells, 
athymic nude mice NM show lower volume level of tumor growth engraftment 
(2.3-fold,) and number of metastases per mice (8.6-fold) vs. NSG mice [85]. 
Thus, a rate of malignant growth corresponds to general viability of the host or-
ganism, even though NM had more of WBC (2.6 × 109 vs 1.4 × 109 per l), lym-
phocytes (1.4 × 109 vs. 0.3 × 109 per l), and monocytes (4.5 × 107 vs 2 × 107 per l). 
This alogism ( the more immune cells, the less viability, and vice versa) might be 
resolved, if the factor, which is responsible for the viability of the host, would be 
responsible for malignant growth as well. 

The enhanced original viability of immunodeficient mutants (knockout) mice 
R2G2 (natural life span 2.5 - 3 years) vs. mice NSG (1 - 1.7 years) are proved by 
slower body weight loss (10% vs 25% per week), and better survival (median 14 
vs 4 days) after 6 Gy whole body irradiation (WBI) [86]. Correspondingly, rate 
of growth of malignant xenograft (PNX0255) in R2G2 mice was faster (0.54 cm3 
per week) [86], than in NSG mice (0.24 ± 0.13 cm3 per week) [87]. As both orig-
inal strains have a similar rest of lymphocytes (mean 0.24 × 109 per l vs 0.3 × 109 
per l), very low total fraction of T and B cells (3.3% vs 6.4% of WBC), and equal 
NK cells (0.3% vs. 0.3% of WBC), the tumor growth had depended on viability 
of a host. 
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Higher radio-resistance of R2G2 mice vs. NSG mice and illusive radio-resistance 
of cancer grafted to them, means that both normal and malignant tissues of mice 
had provided by one resource of hematopoietic stem cells (HSC), which are the 
main target for radiation. In fact, immunodeficient R2G2 mice had highly 
prominent extramedullary hematopoiesis in the spleen with an abundant num-
ber of large cells (11.28 ± 3.87 vs. 1.42 ± 0.13 per × 20 field; p < 0.001), which 
had had common markers for HSC and endothelial cells (CD31, CD34, CD41, 
CD105) [88] [89]. The quantity of these cells with a vasculogenic progenitor 
phenotype is the reason for the R2G2 mice’s radio-resistance, and is responsible 
for the faster rate of malignant xenograft growth, slower body weight loss, and 
better survival after 6 Gy WBI. 

Thus, the hematopoietic progenitors committed to an angio-vasculogenesis 
presumed to be a booster as a somatic growth, so too growth of a tumor, at the 
conditions of ultra-immunodeficiency. The difference is not explainable by any 
T-reg influences, since a knockout of IL-2 receptors has a place in both strains 
R2G2 and NSG.  

Remarkably, the different number of CD34+, CD31+ markers for endothelial 
colony-forming cells (ECFCs) in natural human tissues is different [90]. The ef-
fectiveness of conventional myeloablative therapy of the cancers in correspond-
ing organs is as effective, as the preexisting level of these markers in them (see 
below 5.3. CD34 cells in tissues and death rate). The lower viability of original 
NSG strain in comparing with R2 G2 ones can be due to lack of lymphoid stem 
cells enzymes, which resolve DNA strand breaks, particularly, terminal deox-
ynucleotidyl transferase (TdT) [53]. It may boost reparation-regeneration of 
sub-lethally injured cells after deliver enzymes into extracellular media from 
apoptotic immature lymphocytes, migrated in different organs. In 2022, a TdT 
was also detected in previously unappreciated lymphoid-primed myeloid proge-
nitors, redefining the lympho-myeloid axis in human hematopoiesis [91]. Final-
ly, progressive growth of the human tumor transplant occurred significantly less 
often in the mice that eventually developed spontaneous tumors than in the mice 
that showed no spontaneous tumor development [82]. This fact points to com-
petition for host growth’ resource, rather than presence of any antitumor activi-
ty. Thus, the matured T cells, being the opposite of quantity of the stem cells, can 
only imitate the own involvement in the control of tumor growth.  

4.2. Conclusion 

All considerations given above do not prove the mainstream in immune oncology. 
Though the bone marrow (BM) is the only primary source of lymphocytes in 
nude mice, they possess prothymocytes, and 3% - 6% of splenocytes are 
Thy-1-positive, [92]. The viability of both normal and malignant tissues in im-
munodeficient mice depends rather on the number of HSC and immature des-
cendants of the lymphoid-myeloid axis, like CD 133, CD34 CD31, CD90, Thy-1, 
and TdT-positive cells. Stem cells are the main source, which provides cells of 
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the other histotypes to repair and regenerate damaged tissues and organs. They 
play essential roles in the pathophysiology of viability, aging, and various diseas-
es, including malignancy [26] [93] [94] [95].  

5. Cancer and Normal Tissues 
5.1. A Growing Tumor and Fetus 

The striking similarity between tumor growth and embryonic development is an 
appropriate model for identification of the cells, which promote an increasing 
biomass [19] [96]. The limitation of proliferative capacity CPR in humans shows 
the maternal mortality rate, which is 5-fold higher at the age of 40 years com-
pared with 25 years old. Prenatal and postnatal periods may elucidate the nature 
of cells involved in normal and tumor morphogenesis.  

The bigger volume of umbilical cord blood correlates with total count of 
CD34 hematopoietic stem cells (p < 0.0001), nucleated (young) red blood cells 
(p < 0.0001), larger placenta (p = 0.001), larger birth weight of the baby (p < 
0.0001), and his viability (p = 0.002) [97]. Thus, the embryonic-like growth of 
the tumor’s biomass imposes on the body a deadly competition for the natural 
morphogenic potency CPR of BM. An abnormal and irreversible loss of repro-
ductive activity of the stem cell pool during cancer growth reduces the life span 
of the tumor’s host, like the pregnant womanfolk, which breaks the harmful 
competition in time by a natural mechanism. 

The biological role of young lymphocytes in somatic growth-morphogenesis 
illustrates a correlation between the dynamic of the fetus’ weight and the weight 
of its thymus [98] as well as the increasing of the thymus mass (2.5-fold), body 
mass (2.7-fold), and total blood lymphocytes (2,2-fold) of newborn babies dur-
ing the first postnatal year, as it follows from [31] [33] [99] [100] [101] [102] 
[103]. Conversely, lymphocyte number decreases to the normal level of adults at 
18 and continues to drop up to death, along with the slow involution of a fat-free 
mass of the body [33] [99]. 

5.2. Angiogenesis 

The CD34 and CD133 HSC-markers are involved in normal morphogenesis, 
being presented on mesenchymal cells, muscle satellite cells, corneal keratocytes, 
interstitial cells, epithelial progenitors, vascular endothelial progenitors, and ac-
tivated endothelial cells. They present in different tumors, as well [104]. The 
stem cells CD133 and CD34 exist in adult hearts, decreasing their prevalence 
during aging [105] [106]. The endothelial progenitor cells, i.e. an angioblast sells 
with hematopoietic stem cells marker CD133, CD34, and VEGFR 2 in blood, 
loss of CD133 during partial differentiation, and gain the expression of CD31 
angiogenic-endothelial marker, remaining the immature CD34+ stem vasculo-
genic progenitors [39] [107] [108] [109] [110]. Can’t these properties be a focus 
of attention instead saga about killers and numerous cells that interfere with 
killers [111]? Cancer hypoxia weakens the homing of tumor cells and triggers their 
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escape from the hostile environment into circulation in search of more oxygenated 
nourished tissues. This process associates with more aggressive tumor phenotype. 

Essentially, the non-specific general hematodepression is the main sign in 
non-treated patients with advanced cancer. Chronic inflammation symptoms 
(CIS) are a universal, multi-original sign of an exhausting of proliferation in 
bone marrow after its inevitable overloading. The chain of general symptoms: 
myelosuppression, abnormal metabolic base rate (MBR), lymphopenia, body 
weight loss (BWL), frailty, and death, are common for natural aging or radiation 
aging [78] [112] as well, as for advanced cancer as such [113], for cancer cyto-
toxic therapy [114] [115] [116], and even for eclampsia of third trimester of 
pregnancy [117] [118] [119].  

5.3. Deadly Competition 

The higher the number of tumor-infiltrating lymphocytes, which are inseparable 
from HSC [120], the longer recurrence-free survival (RFS) and less the metas-
tases in terms of N0/N1-2 [121]. The higher the level of the vasculogenic marker 
CD31, the earlier the tumor is found in terms of TNM [122]. Thus, the lower the 
number of lymphocytes infiltrating tumors that exist, the greater the degree of 
hypoxia, the weaker the homing of tumor cells, and the greater the probability of 
their migration to more vascularized regions are. The migrating HSC and pro-
genitor cells are real sponsors of cancer, and a prevention of collaboration be-
tween them is rather a more reliable approach, than a killing of malignant cells 
in situ. Even 27% of excess death from secondary malignancies and 14% of a re-
currence after HSC’ transplantation point on morphogenic influence of circu-
lating cells of bone marrow origin, especially vs. only 11% of excess death for a 
chronic graft-versus-host disease [123]. Importantly, the non-treated cancers are 
followed by lymphopenia [1] [124] and by paraneoplastic inflammatory syn-
dromes (PIS), which is a sign of either an undiagnosed malignancy or a cancer 
recurrence. A PIS, in turn, are associated with myelodysplastic syndrome (MDS) 
[125]. The essence of PIS, MDS, as well, as ARS, MOF and MODS are the vary-
ing results of hematopoietic exhaustion, which is harmful for normal tissues. It 
arises after preliminary phase of CD34 + HSC’ excessive mobilization during 
abnormal tissues growth, reparation-regeneration, and healing the wounds, and 
manifests itself by lymphopenia. Actually, the side effects or complications are 
the result of the cancer wins in competition with normal tissues for morphogen-
ic resource of HSC.  

Alas, a dominant convenient misconception continues to dictate that cancer 
can be nothing but an enemy, so the enemy is the target of immunity. In reality, 
most of the mechanisms of cells immunity in oncology reflect the activity of the 
main mechanism, which is morphogenesis with CD34, CD133 stem cells and 
their diverse descendants-progenitors of lymphoid lineage [126] [127]. They are 
the main targets today for the toxic therapy, which are based on indirect wea-
kening of morphogenic support of a tumor. 
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5.4. CD34 Cells in Tissues and Death Rate 

The universal trophic, morphogenic influence of young mononuclear cells on 
malignant growth noted by individual scientists in a long history of oncology 
[128]. Universal morphogenic properties of stem and progenitor cells from bone 
marrow (BM) and umbilical cord have proved by recent clinical transplantation 
of these cells for the treatment of human diseases, including neurological dis-
orders, pulmonary dysfunctions, metabolic-related diseases, reproductive dis-
orders, skin burns, cardiovascular and another organ’s dysfunction [129]. The 
HSC utilization, being universal in terms of consequences, is different in origin. 
Apart from direct killing of CD34 cells, they can be either extensively mobilized 
from BM into normal tissue for a renewal, or in a growing tumor’ tissue [130], 
or extensively transform into of next immature descendant, for example, Treg. 

Light hypocellular bone marrow status, accompanied by MDS, can be relieved 
partially by the precourses of DNA. Subsequent improvement of the patient’s 
general conditions and drastically increasing the frequency of Treg cells in PB 
[125] compromise completely a generally accepted immunosuppressive function 
of these immature cells, but prove their morphogenic/trophic properties in rela-
tion to the normal tissues of the body.  

The number of CD34 markers of HSC dominate in normal tissues (5 - 30 fold) 
over CD2 marker of T-cells, oppositely to their distribution in peripheral blood. 
The normal tissues with relatively higher markers ratio (CD34, CD31): CD2 ≈ 
34, accompanied by better survival of a host in the case of their malignization in 
the future. And vice versa, a worse survival will happen in cancer patients if po-
tential targets for próximo malignization have been normal tissues with a lower 
ratio (CD34, CD31): CD2 ≈ 5.4 in them. Markers of HSC CD34 with CD31 is 
typical for angio-vasculogenic progenitors [127]. They provide a favorite condi-
tion for prolongation of local tumor growth, without a distant spreading (M0 in 
terms of TNM classification), and thereby contribute to enhance of probability 
for registration of earlier stage at diagnosis. In case of malignization, the tissues 
with the highest natural CD34: CD25 Treg ratio followed with high survival 
(90% - 50% during the age 25 - 90 years). A malignization of normal tissue with 
lowest CD34: CD25 Treg ratio followed lower general survival (35% - 4% during 
the age 25 - 90 years) [131]. Thus, it seems that the presence of CD34 and CD31 
stem cells in tissues can promote malignant growth, though CD2, CD25 Treg 
cells also manifest this [131] [132]. 

Depending on the current level of myelosuppression, and independently on its 
origin, the ratio CD34 to the descendants of T-lineage either can be kept rela-
tively stable, with the physiological (asymmetric) type of cells division, or the 
turbulent, insufficient, symmetric one (Figure 4, for instance) [48] [49].  

In the first type, one of two stem cells, produced simultaneously, is differen-
tiating. In the second type, the replenishment of stem cells pool, or differentiat-
ing pool cell goes consecutively, dominating by turns [133]. 
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Figure 4. The periodic changes of CD34 stem cells number in blood of cancer patients 
and their rate of death along with a reduction of average life span [46] [134]. Abscissa: 
average life span, months. Ordinate: black points: number of circulating CD34 stem cells 
(% of mononuclear cells); white points- part of death during each half month (relative 
units × 3). Dotted line-average value of CD34 is approximated by 6-degree polynomic (p 
< 0.001); Solid line-part of death is approximated by 6-degree polynomic (p = 0.002). 
Double-arrows show the lag time elapsed between pike of HSC and the delayed pike of 
death’ rate. 
 

The result of imbalanced (symmetric) hematopoiesis is prognostically poor, 
and leads to an increase of neutrophil to lymphocyte ratio (NLR) in blood. NLR, 
which is above the physiological level, has been accepted as a universal measure 
of harm to the health of the entire pathology [135]. During one month of con-
ventional treatment of patients with oropharyngeal cancer, the ratio of the values 
of myeloid CD34 cells to lymphoid CD34 cells increases 2-time (p = 0.04), 
proving the responsibility of stem cells for values of NLR in blood, and their 
high susceptibility to the damages. [46] [134] [135].  

There is no doubt, that fluctuations in stem cell numbers are a sign of accele-
rated exhaustion of proliferating resource of BM. The peaks of a number of 
CD34 cells outstrip the peaks of death rate on Figure 4. If we consider the lags 
between the nearest maximums-minimums of both parameters, the direct de-
pendence of the rate of death (y) for CD34 level in the blood (x) becomes ob-
vious: y = 0.5425x − 0.0669; R2 = 0.7832 p = 0.0045.  

Each preceding relapse-free period, during which the stem cells are outside a 
tumor, is favorable for the imitation of an optimistic prognosis. [136]. However, 
a lag time between pics of both parameters (horizontal arrows in Figure 4) are 
reducing along with shortening life span. Dispersion of mean CD34 values in 
terms of standard deviation (SD) enhances exponentially from 17 to 0.4 months 
of life span (SD = 0.09e0.113t; R2 = 0.5; p = 0.001), reflecting a 6-fold progressive 
increase of turbulence, i.e. an enhancing the symmetric component in system of 
HSC reproduction [46] [48]. The shortening of lag values is a true measure of 
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treatment’s harm for the host also. The pathophysiological fluctuation of tumor 
volume can be wrongly interpreted as a complete remission (CR) or progression 
of disease (PD) and could easily provoke imaginations about specific, “help - 
suppress” type of immune activity [48] [137] [138]. In reality, what does kill the 
patient is not the primary tumor, but the metastasis. Their probability enhances 
in cases of recurrent growth of a primary tumor. 

6. Therapy 
6.1. What Is the Matter of Cancer Death 

An overestimation of the commitment of the T lineage of lymphopoiesis to fight 
guides the followers to neglect of functional hierarchy of cells with different ma-
turity, i.e. aging. The stumbling block of immune-oncology lies in ignoring the 
variety-diversity of numbers of immature cells involved in well-studied negative 
reactions of BM. All of these reactions predestine in many cancer patients in-
itially, and are just getting worse during a treatment. 

Why the benefit of cancer treatment could not be a result of simple ceased 
trophic-morphogenic connectivity between lymphopoiesis and growing tumor 
itsel? In fact, it is going with normal tissues at the state of “complications”, with 
some pregnant women, which have exhausted hematopoiesis during third tri-
mester, or with the whole tissues of a body during chronic exhaustion of lym-
phopoiesis by whole life irradiation with low dose rate [14] [119] [139] [140] 
[141]. 

Figure 5 shows, that the rate of death in terminal part of natural life is −0.33 
per year, being much faster than in previous period between 40 - 80 years age 
(−0.01 per year; y = 1e−0.01x, R2 = 0.8 p = 0.001).  

The “radiation aging” because of whole life irradiation with daily dose rate 
0.003, 0.008 0.018, 0.038, 0.075, 0.128, and 0.263 Gy for total body have the same 
average terminal rate of death, independently of dose rate (−0.31 ± 0.116 ± 0.052 
per year, n = 6). A similarity means, that exhaustion of the most damaged sys-
tem lymphopoiesis is a common, universal reason for loss of the life span 
(Figure 5). High (terminal) rate of natural death lasts around 15 years in hu-
mans, that is comparable with best, but rare results of the therapy of an ad-
vanced cancer. 

Results of conventional therapy in terms of 5- and 10-year survival for popu-
lation US according to SEER statistics [142] [143] leads to conclusion that 
treated patients are dying according to universal mechanism of terminal aging, 
independently of age at diagnosis (Figure 6).  

Accordingly, the conventional therapy as such is unable to overcome this es-
sence of a cancer and is capable only of its modest modification. The averaged 
for five ages, rate of death of patients with lung and colon cancers are faster 
(−0.34 ± 0.13), or the same (−0.22 ± 0.07) vs. natural one for terminal part of life 
(−0.23 per year). The average rates of death for melanoma, a breast, and a pros-
tate cancer (−0.17 ± 0.05, −0.15 ± 0.04, and −0.13 ± 0.05) are a little bit slower  
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Figure 5. Radiation aging in comparison with natural aging in the Beagle dogs. Abscissa: Age, years (lower 
scales is for humans). Ordinate: Survival, relative units. Black symbols are for curve of natural aging (thick 
solid line); White symbols are for curves of radiation aging under chronic (during a life) exposure (thin sol-
id lines), with a daily dose rate: 0.003 Gy (circles; two subgroups of these dogs, WO and W, are shown sepa-
rately, according to the Table 1), 0.008, 0.018, 0.038, 0.075, 0.128, 0.263 Gy (squares), and ≤1 × 10−5 Gy daily 
(control). The average terminal exponential rate of death(M) of all subjects exposed at the dose rates −0.003 
- 0.128 Gy daily is M= −0.308 ± 0.105 (for humans), i.e. it is comparable to the natural death rate for popu-
lation: −0.31 year−1 [141]. 

 

 

Figure 6. The 5- and 10-year survival of US patients with cancer diagnosed at 30 - 70 age 
and conventionally treated, in comparing with natural survival of whole US population. 
Abscissa: age, years. Ordinate: survival, relative units. X-symbols-control population. 
Cancers: lung (dark circles), colon (square), melanoma (rhombuses), breast (triangle), 
and prostate (white circles). Dotted line-replica of terminal period of natural (control) 
survival with exponential rate of death −0.23 per year [142] [143]. 
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(less, than 2 times) to the terminal natural rate −0.23 per year, reflecting the 
modest positive contribution of conventional treatment. However, all the rates 
of cancers death, between 40 - 80 years age are too much faster (17 - 13 times), 
than the rate of natural death, which is −0.01 per year (y = 1e−0.01x, R2 = 0.8, p = 
0.001). Thus, the cancer, as such, predetermines deadly exhaustion of lympho-
poiesis before diagnosis and treatment, as a long-term irradiation did (Figure 5).  

The lowest dose rate 0.003 Gy per day (Figure 5) provides the average 
whole-life total dose of dogs around 10 Gy, which are of 20 - 30 times more, than 
average permitted (background) dose for the humans. Nevertheless, this expe-
rimental condition is relatively mild, and could be classified as that, which pro-
vides hormesis phenomenon, for part of the weakest animals (WO) at list [144]. 
It is approximate to the mode of therapy titled “metronomic” [145] [146]. They 
are resonating also with competition between growing tumors and healing 
wound [146]. 

Along with inevitable lymphopenia induced by cancer and by all kinds of 
conventional “therapy” [147], from 50% to 90% of patients’ loss of body weight 
in response to treatment with concomitant cachexia, gastrointestinal, cardiovas-
cular, respiratory, infectious, renal complications, reduction quality of life and 
even survival [1] [4] [147] [148] [149]. Moreover, the therapy contributes to the 
emergence of new malignant tumors, [3] [14] [150] [151].  

Lymphopenia serves as a rough prognostic biodosimeter for death after irrad-
iation. The reason for that is the supersensitivity of lymphopoietic lineage of 
hematopoiesis (CD34, TdT) toward any damaging factors, and thus, it is respon-
sible for the health of a whole body, independently an origin of the cause [152] 
[153]. More precisely, lymphopenia reflects roughly the level of exhaustion of a 
lymphopoietic (proliferative) resource CPR, which can be the current product of 
an average lymphoid stem cell number by their average telomeres’ length, or by 
average mitotic activity [48]. 

Thus, the host organism supports selectively the tumor growth, alike a fetus in 
pregnancy, by circulating morphogenic cells. An exhausting of their resource li-
mited naturally by an abnormally long extra-renewal of malignant tissue, is in-
compatible with normal tissues’ viability and normal life span at large. At the 
same time the violent cytotoxic therapy makes only temporal illusion of a com-
plete or partial remission (CR, PR), lowering current proliferative resource CPR 
of HSC. 

6.2. Limitation of Cancer Treatment 

The conclusion given above solved the challenge, situated in immune oncology 
till now, namely that a treatment’s benefit is accompanied by additional lym-
phopenia. Since the therapeutic application of nitrogen mustard in 1949, de-
scribed by S. Hazel in 2014, conventional treatment of cancer with cytotoxic 
agents (radiotherapy, chemotherapy, and targeting therapy) induces additional 
lymphopenia, as authorized by the NCI and WHO in the “adverse” phenome-
non of the conventional management of solid tumors [16]. 
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An abnormally high metabolic rate of cancer can provoke lymphopenia before 
treatment also, as it happens during abnormal or prolonged pregnancy. Around 
20% - 70% of patients before treatment have <1 × 109 cells per l already, mani-
festing a life-threatening [1]. 

According to the NCI WHO and Center for Disease Control and Prevention, 
oncology has a deal with moderate (≥1 × 109 per l), severe (≤1 - 0.5 × 109 per l), 
very severe (≤0.5 - 0.1 × 109 per l) and lethal (<0.1 × 109 per l) lymphopenia [16]. 
These levels correspond to acute radiation injury at the WBI with doses < 1 - 2 
Gy (moderate, death may occur 0% - 5%), ≥2 - 4 Gy (severe, 5% - 50% of death), 
≥4 - 8 Gy (very severe, 50% - 100% of death), ≥8 Gy (100% deadly ones) [74]. 
Only limited injury of lymphopoiesis ≥ 1 × 109 per l, being registered either 
prior, or during treatment, coexists with the benefit of tumor’s control for each 
tumor type, whereas the level < 1 × 109 per l compromises the benefit’s outcome 
[147] [149] [154] [155] [156] [157] [158].  

6.3. Why Only Mild Lymphopenia? 

A benefit of tumor’ control in terms of lethality is possible along with moderate 
absolute lymphopenia only, nausea (5% - 50%), headache, fatigue, weakness, 
which is equivalent to whole body irradiation at dose not more, than 2 Gy for 
healthy person [159] [160]. A moderate lymphopenia ≥ 1 × 109 per l, provoked 
by cytotoxic treatment first, persists only temporary, letting the tumor get worse 
until the lymphopoiesis restores itself, and a doctor can repeat the cytotoxic im-
pact. However, the lymphopoiesis is not a perpetual engine, and each next injury 
leads to exhaustion of the current proliferative resource (CPR) of the system li-
mited individually by born [48]. 

Complete remission as “no evidence of disease (NED)” doesn’t mean a heal-
ing, because NED becomes legitimate already if it lasts only 1 month. This short 
lag time is officially used for the evaluation of results of treatment in terms CR, 
PR, SD, and PD, and coincides with an average duration of cycle “injury-partial 
recovery” in BM stem cells [137]. The terms “benefit” or “response” are nothing 
more than a formality, because the lifespan after several courses of therapy be-
comes much shorter than their natural limit by age (Figure 5 and Figure 6). It 
explains, why the criterion “survival” universally accepted in oncology is so 
modest: 1 - 5 years [48]. The number of those, who survive 25 - 30 years, are less 
than 7-times [161]. The comparison of equivalents between “lymphopenia, radi-
ation dose, viability” suggests that the benefit of a treatment stems from the in-
hibition of normal lymphopoiesis. In fact, lymphoid tissues are more sensitive 
than tissues of other histotypes [152] [153]. The optimal dose-equivalent of one 
treatment’ cycle 1 - 2 Gy is more harmful for lymphopoiesis than for any solid 
tissues in terms of their repopulation, including non-system, solid tumors. At 
local therapy, a minimal cycle-equivalent dose > 20 - 30 Gy needs to get an “an-
swer” of a solid tumor volume [162]. This local dose is quite harmful for hema-
topoietic mononuclear cells, which participate in the tumor progression by fos-
tering angiogenesis at list, as it shown by [163] [164]. Hence, the wellbeing of the 
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BM reproductive system and thymus directly determines the reproductive activ-
ity in tumors initially and only later in normal tissues, according to the residual 
principle. A longer lymphocytes’ telomeres associate with more risk of cancer 
development overall (breast, rectal, prostate, pancreatic cancer and lung adeno-
carcinoma), but with a less risk of non-cancer related death resulted from slight 
reduced metabolic activity [165] [166].  

Deep lymphopenia in general pathology is harmful for viability of the host 
and his tissues. People diagnosed with cancer, lose weight because the process of 
cancer cells dividing uses up a lot of energy. Fat-free weight loss in %, occurring 
prior to the initiation of therapy is predictive for short median survival of cancer 
patients, independently of disease stage and patient performance status (months 
= 27e−0.104%; p = 0.0025) [167]. Association between malnutrition - undernutri-
tion and total lymphocytes count (TLC < 1.2 × 109 cell per l) accompanies by 
2-fold decrease in plasma albumin content and somatic growths retardation 
[168] [169]. At mild lymphopenia ≥ 1 × 109 cell per l after total irradiation of the 
body of healthy persons, the probability of death is 0% - 5%, because of meta-
bolic-threatening of the organs and tissues, including malignant ones. In terms 
of pathophysiology, the relative lymphopenia (≥1 × 109 per l ≤ 1.5 × 109 per l) 
and severe lymphopenia (≤1 × 109 per l) among the 31,178 participants from US 
with median age were associated with the corresponding risks of mortality 1.3 
and 1.8, including cardiovascular disease > 34%, angina > 8%, chronic bronchi-
tis > 8%, arthritis > 8%, emphysema > 8%, liver disease > 8%, thyroid condi-
tion > 8%, and cancer > 8%. Lymphopenia was also associated with worse sur-
vival in multivariable models, including traditional clinical risk factors. Here-
with, ten-year mortality ranged from 3.8% to 62.1%, depending on the current 
status of lymphopenia [170]. 

Thus, it is quite reasonable to associate non-lethal lymphocytopenia > 1 × 109 
cells per l with the deterioration of the renewal not only of normal tissue (side 
effects), but tumor tissues also. The cytotoxic therapy at lymphocytopenia < 1 × 
109 cells per l is useless for the control of tumor progression and dangerous for 
viability of normal tissues and a host at large. However, any changes of circulat-
ing lymphocytes parameters as well as all syndromes ARS, MOF, and MODS just 
reflect the main pathognomonic changes of the current proliferative resource 
CPR of the hematopoietic stem cells pools (CD133, CD34, TdT, HSC) [93] [95] 
[171]-[176].  

6.4. What Is “Stimulation of Anti-Cancer Immunity” 

The idea of a redistribution of circulating morphogenic cells from tumor for re-
paration of sublethal injuries in normal tissue we used for the interpretation of 
B. L. Cohen’s shocking data (1997) about the decline of lung cancer incidence vs. 
enhance of mean radon level in US counties [80]. Later we analyzed two groups 
of Beagle dogs, with (W) clinically recorded benign tumors or tumors of un-
known nature (palpable/visible), and group without these symptoms during 10 
years of life (WO) [144]. The non-irradiated control W dogs lived longer than 
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control dogs WO (11.8 ± 0.34 vs 10.7 ± 0.43 years; p ≤ 0.05). The control W dogs 
have a lower exponential death’ rate of -k, and bigger percentages of solid can-
cers, inflammation, and atrophies by autopsy (Table 1). 

The data pointed to the dependence of spontaneous malignization on the ca-
pac-ity of cells’ renewal in normal organisms, which, in turn, depends on stem 
cells proliferative resource CPR, evaluated by us as a current product of stem 
cells number and their average doubling activity expressed as either Hyflick’s 
limit, or DNA synthesis, or length of telomeres [48]. 

So, the wicker non-irradiated dogs WO with shorter stem cells’ resource, in 
comparing with normal population W, live shorter and have the less number of 
benign and unknown tumors during ten years of life. Then, the artificial wea-
kening of CPR, i.e. trophic connection between BM and tissues, looks like a kay 
point of a tumor growths control, especially in the weakened subjects. 
 
Table 1. Control and low dose chronically irradiated dogs (0.003 Gy daily, during whole 
life) without palpable/visible tumors of unknown nature (WO), and with them (W), 
during first 10 years of life. 

Dose 0 mGy∙day−1 3 mGy∙day−1 
p 

Subgroups of dogs® WO0 W0 WO3: WO0 W3: W0 

Average life span, years 10.7 11.8 1.10 0.97 p ≤ 0.05 

Body Weight loss, % 15 21 2.13 0.90 p ≤ 0.05 

Cancer (autopsy), % 39.5 60** 1.14 0.97  

Hematoblastoses, % 9.4 6.8 0 1.0 p ≤ 0.05 

Anemia, % 2.1 6.8 0 0  

Inflammation, % 57 75*** 0.46 0.47  

Diarrhea, % 52 51 1.48 1.49  

Vomiting, % 50 41 1.88 2.27  

Metaplasia, % 1 0 19 >17  

Atrophy, % 9.3 19*** 6.6 2.68 p ≤ 0.001 

−k1 year−1 1.22 1.22 0.65 0.72 p ≤ 0.001 

−k2 year−1 0.078 0.028*** 0.33 0.45 p ≤ 0.001 

Reduced appetite, % 19 23 1.21 1.83 p ≤ 0.001 

Dogs, which are with (W) 
tumors benign or 

unknown nature (clinically), 
or without them (WO) 
during 10 years of life. 

0 100*** 0 100*** p ≤ 0.001 

®Without or With - according to clinically recorded (palpable/visible)during first 10years 
of life the benign tumors or tumors of unknown nature, %;the-k1 and -k2 are exponential 
rates of death during initial (1) and final (2) parts of life[144]. Original Data acquired by 
the Argonne National Laboratory (Lemont, IL, USA) were extracted from the “γ-Beagle 
Dog Tissue Archive”. We examined data stored as: “Life span: Whole Life Gamma Irradi-
ation, External Co-60 gamma-ray exposure, continued until death on13-month-old dogs 
of both sexes” (http://janus.northwestern.edu/dog_tissues/introduction.php). **p ≤ 0.01; 
***p ≤ 0.001. 
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Table 1 shows also, that irradiation during whole life (0.003 Gy daily) in-
creases the percentage of those with body weight loss and with dystrophies 
among of WO dogs. Despite that, life span of irradiated WO dogs is extended 
(+10%), rather because of the elimination of late (after 10 years of life) hema-
toblastosess. However, the elongation of life span in irradiated WO dogs does 
not exceed the average normal level (11.8 ± 0.34), which is typical for control 
W-group. These data do not permit to consider the phenomenon as stimulation, 
especially since it appears inside a part WO of whole population only.  

The state of frailty (weakness) presents among patients with advanced cancer. 
The deficit of HSC after cancer therapy is an obvious phenomenon. Sometimes 
it demands additional stem cells infusion for partial reconstruction of an injured 
hematopoiesis [177]. We interpret the elongation of life span in originally weak-
er irradiated animals WO (Table 1) as a switching of morphogenic cells of BM 
origin toward reparation-regeneration of a numerous non-lethal injures, in-
duced by long term irradiation in the majority of normal cells of the whole body. 
Key point is that a nature of injures cannot be a lethal for cells at a very low dose 
rate (0.003 Gy per day), and all of them become a potential target for reparation, 
as it goes according to the rules of radiobiology. The redistribution of trophic 
cells from tumorigenesis to the reparation of injuries in normal tissue cells is 
more detectable at conditions of original shortage-slight deficit of trophic cells, 
i.e. deficiency of CPR, like in the dogs WO. Oppositely, at an original fullness of 
proliferative potency of the hosts, like it is in W’ dogs, there are no needs for re-
distribution of CPR. On the other hand, at a dose rate of 0.008 Gy per day, we 
did not receive any signs of “stimulation” of the life span in both the irradiated 
WO and W groups. Their CPR both were reduced too much, since lifespan de-
creased by 8% equally compared to the corresponding control groups. [141] 
[144]. It means, that the optimal range of low-dose irradiation is narrow. Ap-
proximately, it has to correspond to the maximal number of sublethal injuries of 
cells and the minimal number of cell death in lymphoid lineage. It is very 
doubtful to expect more severe damage of any tissues, which are responsible for 
saving of a life, than natural lymphopoietic system [152] [153]. For instance, 
proliferative activity (Ki-67) in normal BM is higher (52.8% ± 9.2 SD) [178], than 
median one for breast cancer (22.3% - 30%) [179]. Therefore, the limitation of a 
dose, which is optimal for hormesis’ phenomenon, relates mainly to morphogenic 
cells of lymphopoietic system, which redistribute competitively outward of a tumor 
toward normal tissues with reparable nonlethal injures in their numerous cells. The 
data in Table 1 disprove the myth, that the “stimulation of immunity against can-
cer” is based of the hormesis phenomenon [180] [181]. “Hormesis” phenomenon 
has appeared selectively, in the wicked only, alike a slowing down of cancer death 
rate among the patients at advanced age +65 (Figure 7). 

The acceleration of the exponential rate of death from non-malignant diseases, 
and competitive deceleration of the rate of death from cancer appears after the age 
of 60 - 65 in the entire populations, confirming a trophic deficiency, which is typical 
for advanced age. Thus, as a weakening of immunity in old population is  
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Figure 7. Death rates measured per 100,000 individuals for cancer and non-cancer dis-
eases in the population of UK (a) and white population of US (b) by age and sex. Abscissa: 
age, year; Ordinate: rate of death per 105. Rhombuses- non-malignant diseases. Circles- 
cancer; Black symbols -male and white symbols- females. Dotted lines correspond to eq-
uations: y = Aeλx, where y is a rate of death per 105 persons, λ-exponential rate, per year; 
x-age, year; A-the value of y at the start of each of two age-periods: from 16 - 19 to 62 - 65 
and from 65 to 80 - 85 years old. The equations for the 16 - 65 period are in the left ver-
tical columns, and these for period 65+ are in the right vertical columns. The vertical 
range of equations corresponds to positions of the dotted line. The asterisks *** is p ≤ 
0.001 (from [182]). 
 
a truism, the data in Figure 7 disprove the idea of fighting with tumors [182]. 
The false phenomena of “stimulation” of anticancer immunity in +60 patients is 
result of natural destraction (pulling) of the scarce morphogenic cells from tu-
mor and redirection them to reparation/regeneration of an escalating age-related 
problems in cells of normal tissues of the subjects with most exhausted mor-
phogenic resource CPR only. The “stimulation of anti-cancer immunity” is the 
speculative term or code word, which do not describe a mechanism, but the re-
sult, i.e. is ad hoc.  

7. Perspectives 

All data considered above show, that tissues of any origin cannot proliferate 
without lymphocytes. The lymphopoiesis of the dogs and their radioresistance is 
lowest among mammals and similar with those in humans [183]. Figure 8 con-
firms this truth by comparing the 52 populations of breed dogs with very differ-
ent average body weight, life span, number of blood lymphocytes and rate of 
death from cancer. 
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Figure 8. The interrelations between an average rate of body mass growth, a blood lym-
phocytes number, and cancer mortality’ rate in the fifty-two populations of breed dogs, 
according data extracted from [184] [185] [186]. Abscissa: Average body weight (ABW) 
of breed dogs, kg. Ordinate: average life span (ALS, white circles), years; average rate of 
the body mass growth (black circles), as ABW: ALS, relative units; average lymphocytes’ 
number in a blood (ALN, white rhombuses), ×109 per l; rate of cancer death in the popu-
lations (CDR, black rhombuses), relative units. 
 

The brief consequences of Figure 8 are: 1) The well-known decrease in the LS 
of a big dogs in comparison with small ones associates with a high rate of body 
mass growth in them. 2) The high rate of body mass growth leads to accelerating 
exhaustion of lymphopoiesis. 3) The exhaustion of lymphopoiesis follows by a 
relative decline of a cancer death rate. 4) Average cancer death’ rate (CDR) in 
the populations is proportional directly to average number of bloods lympho-
cytes ALN (CDR = 0.0242 ln × ALN + 0.285; R2 = 0.08 p = 0.035). 

True goal of therapy of advanced cancers is to save proliferative resource CPR 
of a host as equivalent of his viability, instead a destruction of HSC, aiming to 
get a short-term tumor response. Currently, there exists solely one method to 
accomplish this. It is protracted redirection of residual morphogenic hemato-
poietic stem cells and progenitor cells from the malignant tissue to repair 
sub-lethal damages in cells of normal tissues, created artificially.  
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Figure 9 shows the formal summary of the realistic nature of modern thera-
peutic phenomena based on partial inhibition of the current hematopoietic pro-
liferative resource (CPR), i.e. reproductive activity of lymphopopoiesis. Its in-
tensive declining during advanced phase of tumor developing and a cytotoxic 
therapy is designed on Figure 9 as the black areas “HR” symbolized a current 
sum (∑) or integral of the product ∏ = HSCi ×NDi, where “i” is a current num-
ber of HSC in each subject i, and HL is his current Hayflick limit. ND is a the 
number of stem cell divisions that each stem cell will do in the future (range 
from 60 - 40 times at the born to 1 - 0 at the cells death). The CPR is irreversibly 
decreasing, much slower with natural senescence in comparing with natural se-
nescence complicated by malignancy. 

Figure 9(a) reproduces the case, when after the previous course of the therapy 
the rest of hematopoietic resource CPR is as much, as it seems enough for re-
peated performance (black area CPR = 1.75 on Figure 9(a). Dotted lines are de-
layed survival as result of irreversible inhibition of part CPR, followed by timely 
inhibition of a tumor’s morphogenesis, which is potentiating by circulating he-
matopoietic stem and progenitor cells. 

Figure 9(b) reproduces the case of almost complete exhaustion of 
HSC-resource CPR after previous courses of cytotoxic treatment (black area 
CPR = 1.2). The both cases are concerned a direct inactivation of HSC, at a cor-
responding blood lymphocytes number < 1 × 109, and <<1 × 109 per l. 
 

 

Figure 9. General schemes for effect of conventional treatment on hematopoiesis and 
survival of cancer patients, which are perspective for repeated course yet (a), and are not 
(b). Abscissa: time, years. Ordinate: survival, relative units. Black area HR: natural natural 
proliferative resource of hematopoietic system (CPR), as an integral of the number of ac-
tive HSC by their Hayflick’s limit in the patients, relative units. White areas show a con-
sequence of conventional cytotoxic treatment, as a block and partial recovery of CPR. 
Gray arrows show the start of therapy, double-arrows show a time elapsed between start 
of treatment and incomplete recovery of the CPR. Thick solid lines present the formal 
survival curves for non-treated patients, with formulae in solid boxes. Dotted lines show 
modification of original curves by treatment, with percentage of survival improvement in 
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dotted boxes. 

In oppose to this wasteful practice of reduction of trophic cells during con-
ventional treatment, we have preserved them by distraction from tumor in a fa-
vor of reparation of numerous sublethal injuring of normal cells aside of tumor, 
which induced by low, non-tumoricidal dose of total body irradiation [142] 
[187] [188], This approach called by us “the competitive therapy”, bases on the 
natural property of circulating stem and progenitor cells originated from bone 
marrow, to take part in reparation-regeneration of injured cells in normal tissues 
[189] [190] [191] [192]. The matter of fundamental biological processes, 
well-known in radiobiology, is that slightly injured, but extremely excessive 
normal cells force an HSC to readdress their original priority onto a reparation 
of numerous sub-lethal damages, which threatens the health, being a genuine 
hazard. These properties of HSC do not take in account by oncoimmunologists 
for explanation of abscopal phenomenon [193] [194], which terminal matter is 
“an action at a distance from the treated volume”. They are again assuming sti-
mulation of anti-cancer immunity. Meanwhile, reparation -regeneration in the 
sub-lethally injured normal tissues of dogs (Table 1) are quite applicable to clin-
ical conditions [188] [195] [196] [197]. 

Figure 10 illustrates the mechanism of “competitive” therapy without using of 
strong cytotoxic impact, which leads to lethal damages of HSC and extra-loss of 
CPR.  
 

 

Figure 10. General schemes for effect of competitive treatment [141] [144] [182] [186] on 
hematopoiesis and survival of cancer patients with a very low HSC’ proliferative resource 
(CPR), which does not permit to perform of conventional cytotoxic therapy. Abscissae: 
time, years. Ordinate: survival, relative units. Black area HR: current natural proliferative 
resource of hematopoietic system (CPR), as an integral of the number of active HSC by 
their Hayflick’s limit, relative units. White areas show a consequence of redirection of 
morphogenic cells on reparation of numerous sublethal injuries of cells in the host s body. 
Gray arrows show the start of repeated low dose therapy (non-lethal for cells). Thick solid 
line presents the formal survival curve for non-treated patients (formulae is in solid 
framed box). Dotted lines show modification of original curve by treatment (percentage 
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of survival’ improvement is in dotted boxes). 

The advantage of application of competitive-abscopal therapy toward subjects 
with weakened hematopoiesis is based on Table 1 [144], Figure 5 [141], and 
[187]. The repeated distraction (pulling) of morpphogenic cells from tumor 
leads to the 3-years survival’ benefit as high, as +45% in subjects with low dose 
total body irradiation, especially those, which have weak-low hematopoietic re-
source CPR (black area HR = 0.3 on Figure 10). Correspondently, this advan-
tage is more probable in subjects with advanced cancer, and for the successful 
implementation of this approach, an accurate assessment of personal CPR is 
highly desirable. The graphical analysis on Figure 10 is most applicable to the 
waist majority of cases with different grade of exhaustion of natural proliferative 
resource of hematopoietic system (CPR), manifested by lymphopenia < 1 × 109 
per l. They correspond to the incurable cancer with vessels net involution - ne-
crosis in a primary tumor, and with uncontrolled spreading of the cancer. Fig-
ure 11 illustrate kinetic aspects of this approach. 

The treatment of tumor during quasi-exponential increasing its biomass is a 
rare case, because it is earliest stage of growth, which is unlimited by the delay in 
the corresponding capillary network development or lack of CPR (Figure 11, left 
side). The case of the earliest lack of CPR or capillary network in tumor (transi-
tion zone to quasi-linear malignant growth on Figure 11), corresponds to the 
trophic discomfort for some cancer cells and their trend to the loss of habitual 
residence (homing). These cases, both staying within I-II stages, N1, M0, used to 
be radically solved by surgery and do not relate here to Figure 9 and Figure 10, 
which depict the advanced stages of cancer with widespread metastases, and 
corresponds to the right sight of Figure 11. 

Importantly, even at identical original diagnoses TNM for two untreated sub-
jects, a prognosis can be better as fare as individual CPR closer to the mean CPR 
value for the health population.  
 

 

Figure 11. The proper relations between interconnected parameters of a primary tumor 
growth, metastases, and angiogenesis. Thick white line simulates development of a pri-
mary tumor’ mass in terms of relatively short exponential, and prolonged quasi-linear 
phases of a growth. Thin white line simulates development of a distant metastases. The 
rectangular pictures are the microscope field of view for the blood vessels’ density on the 
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microscopic slices; solid black area is a necrosis. (extracted from [131] [183] [198]). 

The reason for that is a postponing of a conflict between the ability of tumor 
mass to continue an unlimited, exponential growth, and disability of current 
CPR to provide the creation of new extra-physiological vascular net needed for 
that. Thus, the longer local growth the primary tumor is, the lower the probabil-
ity of tumor cells’ emigration and spreading, which is equal to the postponing of 
distant metastasis on Figure 10. That is why, any deterioration of the trophic 
supply of the primary tumor during the therapy increases the probability of tu-
mor cells emigration [199]. 

Ubiquitous ignoring this factor, when blood lymphocytes number < 1 × 109 
per l, is one of the reasons for overusing substantially the cytotocidal treatments 
that are more likely to harm than to benefit a patient [200] [201].  

J. Uriel assumed rightly that we have very few chances of really cure cancer as 
long as we continue to treat malignancies with cell-killing therapies. He sees the 
tumor reversion, stem cell management and genomic analysis of embryo-fetal 
development, as appropriated candidates for future active research [202].  

The existing of a narrow interval between lack of a treatment and an over-
treatment of the host organism, which have a low level of CPR, persuades that 
only a moderate somatic harm is ultimately acceptable to get short-term CR or 
PR. In other words, the payment for therapeutic benefit is the spending of the 
rest of CPR, as a shagreen leather-Magic skin of the patient anyway. The “sha-
green leather” is shrinking, because it spends CD133 stem endothelial progenitor 
cells promoted a tumor growth by supporting angiogenesis as well, as CD34, 
progenitor Treg promoted malignant growth also. The known perspective anti-
tumor Tocilizumab lowers these mophogenic cells level [203] [204] together 
with the lowering of IL-6 [205] and T-cells at large [206], being true immuno-
suppressant. The long-term and low-toxic total body therapy acts via abscopal 
mechanism [207], which is wrongly considered as “systemic immune response 
mediated by the stimulating effects of radiation on the immune system”. The 
metronomic therapy (MT) proposed recently, consists of chronic administration 
of less toxic lower dosages of cytotoxic drugs with short or no drug-free breaks. 
Clinical experience of MT with different radiomimetic drugs (like Capecitabine, 
Fluorouracil (5FU), Cyclophosphamide) shows a lack of, or limited, host-response 
effects, which could maintain a stable state of disease. Alas, it was traditionally 
discussed again in one-sided terms of reduction in immunosuppression, or 
promotion of an immunostimulatory microenvironment [208] [209]. Actually, it 
is a paraphrasing of “competing” therapy justified by us, based on redistribution 
of limited CPR from tumor to reparable artificial injuries in normal cells of the 
host.  

8. Overall Conclusion 

The contradictory and insignificant practically, the dogma of antitumor cellular 
immunity, being only a narrow branch of lymphopoietic system functions, 
proved unable during many decades of the dominance to change the more than 
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modest criteria of survival at advanced cancer. It is wasteful to ignore the estab-
lished basic knowledge regarding the critical role that circulating hematopoietic 
stem (HSC) and progenitor cells, as well as lymphopoiesis, play in preserving the 
viability of numerous human tissues under both physiological and pathological 
conditions, such as pregnancy, cancer, wound healing, grafts, and more. As a 
current proliferative resource (CPR) of HSC is limited individually by cells 
number and telomeres’ length at the birth, its irreversible spending is equivalent 
to the shortening life span. But immunooncology confess post-therapeutic inac-
tivation of stem-progenitors pool with concomitant lymphopenia, as annoying 
“complication”. However, it is the main mechanism of temporal attenua-
tion/damping of morphogenic activity of stem/progenitor cells-migrants in the 
tumor, as it has a privilege in consumption of CPR, being perceived by the host as 
a quasi-embryonic tissue. Underestimation of the treat of “complications” results 
in one-side strategy to get ultimately the tumor’s “answer” to the therapy, neg-
lecting a harm for general somatic wellbeing. This dramatic mistake impasses 
the developing of reasoned approaches aimed for preservation of residual CPR , 
i.e. life span, and to transformation of current treatments from double-edged 
sword to the saving the life. For protection of the patients, a demanding control 
of existing and prospective treatment regimens for myelotoxicity is necessary, as 
many of those diagnosed have deep pathognomonic CPR deficit already before 
treatment.  
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Abbrevations 

HSC: Hematopoietic Stem Cells 
PR: Proliferative Resource of hematopoietic system  
NK: Normal Killer 
Treg: Regulatory T cells  
WBI: Whole Body Irradiation  
BM: Bone Marrow  
EPC: Endothelial Progenitor Cells  
BMR: Base Metabolic Rate 
TdT: Terminal deoxynucleotidyl Transferase 
TWW: Wet Weight of Thymus 
LSC: Lymphoid Stem Cells  
MB: Mass of the Body 
MBR: the average rate of MB increasing 
sjTRECs: excision circles of extrachromosomal DNA 
MPPs: Multipotent Progenitor cells  
TL: Telomeres’ Length  
LL: Lymphoid Lineage of hematopoiesis 
ML: Myeloid Lineage of hematopoiesis 
ARS: Acute Radiation Syndrome  
MOF: Multi-Organ Failure-dysfunction  
MODS: Multi-Organ Dysfunction Syndrome  
NM: Nude Mice 
WBC: White Blood Cells 
ECFCs: Endothelial Colony Forming cells  
CIS: Chronic Inflammation Symptoms 
MBR: Metabolic Base Rate  
BWL: Body Weight Loss  
TNM: international classification of stages of malignant neoplasms 
MDS: myelodysplastic syndrome  
VGEF: Vascular Endothelial Growth Factor 
BWL: Body Weight Loss  
RFS: Recurrence-Free Survival  
NLR: Neutrophil to Lymphocyte Ratio 
NCI: National Cancer Institute  
WHO: World Health Organization  
CR: Complete Remission 
PR: Partial Remission 
SD: Stable Disease  
PD: Progressive Disease 
NED: No Evidence of Disease  
TLC: Total Lymphocytes Count  
ALN: Average Number of bloods Lymphocytes 
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RCD: average Cancer Death’ Rate  
HL: Hayflick’s Limit 
MT: Metronomic Therapy  
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Abstract 
Introduction: Graves’ disease is the most common cause of hyperthyroidism. 
Its treatment uses synthetic antithyroid drugs but the use of aggressive radical 
therapy such as surgery or non-aggressive therapy such as iodine-131 is not 
uncommon. Treatment of Graves’ disease with radioactive iodine or irathe-
rapy is a simple, inexpensive, well-tolerated treatment. It was introduced in 
Senegal in 2016. We report through this work the preliminary assessment of 
the only nuclear medicine service in Senegal in the management of Graves’ 
disease by iodine-131. Patients and Methods: Retrospective study of the first 
cases of Graves’ disease treated with iratherapy in Senegal. Socio-demographic, 
clinical, paraclinical, therapeutic and evolutionary aspects were studied. Rad-
iation protection rules have been implemented and contraception has been 
effective for six months in women of childbearing age. Results: 25 patients 
were collected with a mean age of 45 years, twenty women (80%), a family 
goiter in 24% and a psycho-affective context in 64% of cases. Thyrotoxicosis 
syndrome was associated with goiter in 68% of patients and exophthalmos in 
64%. Thyroid ultrasound performed in 20 patients showed vascular goiter in 
80% and thyroid scintigraphy in 3 patients, homogeneous and diffuse hyper-
fixation. TRAK dosed in 8 patients was still positive. All patients had received 
first-line medical treatment. The average duration of this treatment was more 
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than 18 months in 92%. The empirically used iodine-131 activity averaged 
15.35 mCi. Oral corticosteroid therapy was prescribed in 7 patients for the pre-
vention of malignant orbitopathy. No early side effects were noted. The remis-
sion rate at 3 months was 52% and at 6 months was 88% to 92%. Conclusion: 
The effectiveness of radioactive iodine, in particular ablative doses in the treat-
ment of hyperthyroidism, is no longer to be demonstrated. Taking into account 
our socioeconomic context, iratherapy should be a treatment of choice for 
hyperthyroidism with a good quality/price ratio and excellent tolerance. 
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1. Introduction 

Graves’ disease (GD) is the leading cause of hyperthyroidism worldwide [1]. It 
occurs at all ages but willingly in young women with a ratio of 10 women to 1 man 
[1] [2] [3] [4] [5]. The detection of anti-TSH receptor antibodies is a strong argu-
ment in favor of Graves’ origin of hyperthyroidism. Factors contributing to this 
disease could be genetic or environmental such as tobacco and stress [6]. Graves’ 
disease is manifested by hyperthyroidism (unstoppable hypersecretion of thyroid 
hormones), homogeneous goiter and sometimes exophthalmos [4]. Thyroid acro-
pathy is exceptional and manifests as a Hippocratic deformation of the fingers [7]. 

First-line treatment for Graves’ disease (BD) does not follow a particular con-
sensus [8]. Three therapeutic modalities dominate treatment: 
- Medical treatment with synthetic antithyroid drugs (SAT) that effectively re-

store euthyroidism [9]. Medical treatment with SAT is usually offered for the 
first episode of autoimmune hyperthyroidism. 

- Surgical treatment after the diagnosis of moderate autonomic hyperthyroid-
ism on uni, multinodular or bulky goiter or in case of failure of medical 
treatment, and 

- Treatment with iodine-131 by oral administration of a single capsule con-
taining radioactive iodine (vectorized internal radiotherapy process or me-
tabolic radiotherapy). 

Treatment of hyperthyroidism with radioactive iodine or iodine therapy is a 
simple, effective, inexpensive and well-tolerated treatment. It is prescribed in the 
United States as a first-line treatment in 50% to 75% of cases except for young 
subjects where it represents only 30% of the options [10]. In Europe, it is more 
used as a second line after synthetic antithyroid drugs (SAT) [4]. However, its 
availability and prescription in developing countries, particularly in sub-Saharan 
Africa, remain even weaker. Introduced in Senegal in 2016, iodotherapy is in-
creasingly important in the management of hyperthyroidism. We report through 
this work the preliminary assessment of the only nuclear medicine department 
in Senegal in the management of Graves’ disease by iodine-131. 
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2. Patients and Methods 

This is a retrospective study from January 2016 to December 2017 and involved 
all patients diagnosed with Graves’ disease and who received iodotherapy at the 
nuclear medicine department of Idrissa POUYE General Hospital (HOGIP) in 
Dakar (Senegal). Senegal located in West Africa is the first country in this part of 
Africa to start iratherapy in Graves’ disease. 

The iratherapy was carried out after the informed consent of all patients and 
under the following prerequisites: 
- After stopping synthetic antithyroid drugs, for at least 3 days; 
- No iodine intake in the month prior to the treatment (seafood, medicines, 

injected CT scan…); 
- Check of hormonal thyroid test and thyroid ultrasound; 
- Checking of the absence of pregnancy and the introduction of effective con-

traception in women of childbearing age; 
- Adherence to radiation protection measures after iratherapy. 

An ablative dose was recommended for all patients to reduce the risk of 
treatment failure. Treatment was outpatient and clinical-biological monitoring 
was observed at 3 and 6 months in all patients. 

We spoke of therapeutic success if euthyroidism or hypothyroidism was ob-
served at the 3rd and/or 6th month after taking iodine 131. On the other hand, 
we spoke of failure in the case of the persistence of frank hyperthyroidism in the 
6th month. The overall cost of iratherapy in Senegal: $309. 

3. Results 
3.1. Descriptive Study 

 Socio-demographic data 
 The Age 

We collected 25 patients ranging in age from 19 to 65 years with an average of 
45 years. The age groups (31 to 40 years) and (41 to 50 years) were the most 
represented. The peak frequency was between the ages of 41 and 50. Table 1 il-
lustrates the percentage distribution of patients by age group in our series. 
 
Table 1. Distribution of patients by age group. 

Age groups Staff Percentage 

[11 - 20 years] 1 4% 

[21 - 30 years] 3 12% 

[31 - 40 years] 6 24% 

[41 - 50 years] 7 28% 

[51 - 60 years] 3 12% 

[61 - 70 years] 5 20% 

Total 25 100% 
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 Sex 
There were twenty women (80% of the population) (Figure 1).  

 Family history of goiter 
Twenty-four percent (24%) of patients had a notion of familial goiter. The 

following table (Table 2) illustrates the prevalence of familial goiter. 
 Psycho-affective context 

The existence of psycho-emotional context was found in 64% of patients.  
 Paraclinical data before Iratherapy 
 Thyroid Hormones and Thyroid Function 

The results showed 72% of patients in hyperthyroidism, compared to 28% in 
euthyroidism. Thus, no patient was in hypothyroidism. 
 Anti-TSH receptor antibodies 

In our study, the determination of anti-TSH receptor antibodies (TRAK) was 
performed in 32% of patients (n = 8) and the result was positive in 100% of cas-
es. All of these patients also had exophthalmos. One (1) patient had TRAK posi-
tivity without exophthalmos. 
 Thyroid ultrasound 

In our series, 20 patients had undergone thyroid ultrasound. Of these patients, 
80% had homogeneous hypervascular goiter. The rest had other ultrasound as-
pects with varying proportions as shown in Table 3. 

The volume of the thyroid gland measured on ultrasound ranged from 21 to 
66 cm3 with an average volume of 39.6 cm3. 
 

 

Figure 1. Distribution of patients according to sex. 
 
Table 2. Prevalence of familial goiter. 

 Number Percentage % 

Presence of family goiter 06 24 

Absence of family goiter 19 76 

Total 25 100 
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Table 3. Ultrasound proportions and aspects of goiter. 

Ultrasound aspect Number Percentage 

Hypervascular homogeneous goiter 16 80% 

Heterogeneous goiter 3 15% 

Hypervascular nodular goiter 1 5% 

Total 20 100% 

 
 Thyroid scintigraphy 

Three patients (12%) had undergone a thyroid scintigraphy that showed ho-
mogeneous and diffuse hyperfixation consistent with Graves’ disease. 
 Initial Treatment of Graves’ Disease 

Synthetic antithyroids (SAT) were prescribed to all our patients as a first-line 
trait. Carbimazole was used in 92% of cases, and Thiamazole and Bensylthioura-
cil were used each in 4% of cases. The average duration of this treatment was 
greater than 18 months in 92% of cases. 

Beta Blockers (Propanolol) were prescribed in all our patients (100%) and 
Mexazolam-type anxiolytics in 80% of cases. 
 Iratherapy in Graves’ disease 
 Indications for Iratherapy in the management of Graves’ disease 

Metabolic radiotherapy with radioactive iodine has been proposed as a 
second-line treatment in all our patients after medical treatment has failed. 

In our series, 19 patients relapsed after treatment with ATS. In patients with 
relapsed hyperthyroidism, 21% had positive TRAK. On the other hand for those 
who were in euthyroidism, 66% had positive TRAK. Figure 2 shows the percen-
tage of each of these indications. 
 Drug prescriptions before iratherapy 
- Corticosteroid therapy 

Sixteen patients or 64% had exophthalmos. Of these patients, 44% had re-
ceived corticosteroid therapy prior to radioactive iodine treatment. The follow-
ing table (Table 4) shows the distribution of patients on corticotherapy before 
iratherapy. 
- Contraception 

Among women, 40% were in genital activity (8 women). They all received ef-
fective contraception during the six (6) months following taking radioactive 
iodine. 
- Delay between iratherapy and stopping synthetic antithyroid drugs  

The time between stopping ATS and taking iodine-131 was 3 to 7 days in 52% 
of cases, 7 days to 3 months in 44% of cases and less than 3 days in 4% of cases 
(Figure 3). 
 The activity of radioactive iodine administered 

The dose of iodine 131 was on average 15.35 mCi with extremes ranging from 
11.6 to 22 mCi. Our patients were distinguished according to the activity re-
ceived into four groups (Figure 4): 
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Figure 2. Indications for iratherapy in Graves’ disease. 
 

 

Figure 3. Delay between iratherapy and stopping synthetic antithyroid drugs. 
 

 

Figure 4. Activity of radioactive iodine administered. 

https://doi.org/10.4236/ojbiphy.2024.141003


E. H. A. L. Bathily et al. 
 

 

DOI: 10.4236/ojbiphy.2024.141003 62 Open Journal of Biophysics 
 

Table 4. Distribution of patients on corticosteroid therapy prior to therapy. 

 Number 
Taking 

corticosteroid therapy 
Percentage 

Inflammatory exophthalmos 1 1 100% 

No Inflammatory Exophthalmos 15 6 40% 

Total 16 7 44% 

 
The first group included patients who received activity between 10 and 12 

mCi (4 patients or 16%); 
The second group, patients who had received between 13 and 15 mCi (13 pa-

tients or 52%); 
The thirteenth group, those who received activity between 16 and 18 mCi (4 

patients or 16%); 
The fourth group was doses greater than 18 mCi (4 patients or 16%). 

 Incidents - Accidents 
In our study, no patient had a cervical inflammatory reaction. An early side 

effect, acute thyroiditis, exacerbation of thyrotoxicosis and/or exophthalmos was 
noted after days after taking radioactive iodine. 
 Evaluation of thyroid function after iratherapy 
- 3 months post-iodotherapy 

There was 52% therapeutic success: 28% of patients in euthyroidism (n = 7) 
and 24% in hypothyroidism (n = 6). These patients were put on hormone re-
placement therapy. On the other hand, 32% of patients were in frank hyperthy-
roidism (n = 8) and 16% in subclinical hyperthyroid or partial remission (n = 4). 
In these patients, just monitoring was recommended and hormonal dosage con-
sidered at the sixth month (Figure 5). 

In summary, we had 52% total remission, 16% partial remission and 32% per-
sistence of frank hyperthyroidism (Figure 6). 
- 6 - 7 months post-iodotherapy 

At month 6, there was 80% therapeutic success: euthyroidism was observed in 
60% (n = 15) of patients and hypothyroidism in 20% (n = 5) of cases. In con-
trast, 12% of patients had infraclinic hyperthyroidism (n = 3) and 8% of patients 
had frank hyperthyroidism (n = 2).  

In patients with persistent frank hyperthyroidism, one was subsequently 
treated with surgery with a good course of the disease, and the other was not re-
viewed for further management. 

Among the 3 patients with subclinical hyperthyroidism, a check-up in the 7th 
month found two cases of remission (one case of hypothyroidism and one case 
of euthyroidism) and one case of persistent crude hyperthyroidism. At the end 
of 7 months of follow-up after therapy, there was 88% total remission (64% eu-
thyroidism and 24% hypothyroidism), 4% partial remission and 8% treatment 
failure (persistence of frank hyperthyroidism) (Figure 7 and Figure 8). 
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Figure 5. Evolution 3 months after iratherapy. 
 

 

Figure 6. Evaluation of favorable and unfavorable responses to iratherapy after 3 months. 
 

 

Figure 7. Evolution 6 months after iratherapy. 
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Figure 8. Evaluation of favorable and unfavorable responses to iratherapy after 6 months. 
 

Fertility after iratherapy 
In our series, 8 women were in the period of genital activity. One of them had 

a subsequent pregnancy after a delay of more than one (1) year and whose evo-
lution was marked by a miscarriage. 

3.2. Analytical Study 

In our series, we looked for a correlation between response to iodine therapy 
(remission and failure) with the following parameters: age, sex, baseline thyroid 
function, iodine-131 activity and the age of the clinical picture. A statistically 
significant relationship was not found with therapeutic activity. The table below 
(Table 5) provides information on the evolution of Graves’ disease after iodine-131 
according to the different parameters. 

4. Discussion 

Age: 
The peak frequency between 41 and 50 years found in our series, is similar to 

the results obtained by: Aziz Karam M et al. in Fez [11], Hiro Baba Gon D et al. 
in Ivory Coast [12] on a descriptive cross-sectional study and by Mbodj M et al. 
in Senegal through a retrospective study in Rabat [10] which found respectively 
a peak between 40 and 59 years, 36 and 55 years and 41 and 50 years. A Cana-
dian study also found a peak between 40 and 50 years testifying to its ubiquitous 
nature [13]. 

The average age of 45 years found in our study was also reported by studies 
carried out in Guadeloupe [14], Rabat [10] and Tunis [15], with respective age 
averages of 46 years, 45 years and 42.5 years. It is the same for W. El Ajmi in 
Tunis [16], N Charfi et al. [17], N. El Yaagoubi in Rabat [18], Samya TOURARI 
[19] in Marrakech with respectively average ages of 42, 41 and 40 (19 - 65 years).  
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Table 5. Evolution of the disease according to the different parameters. 

 
Evolution 

P-value 
Remission Failed 

Age 

Under 40 10 (100%) 0 (0%) 
0.534 NS 

Over 40 years 12 (80%) 3 (20%) 

Sex 

Male 4 (80%) 1 (20%) 
1 NS 

Female 16 (80%) 4 (20%) 

Baseline thyroid function 

Hyperthyroidism 16 (84%) 3 (16%) 
0.838 NS 

Euthyroïdie 4 (66.7%) 2 (33.3%) 

Therapeutic activity 

Less than 15mCi 12 (80%) 5 (20%) 
0.042* 

16mCi and more 8 (100%) 0 (0%) 

Disease progression time 

Less than 18 months 1 (50%) 1 (50%) 
0.659 NS 

More than 18 months 19 (79%) 4 (21%) 

*: statistically significant link, NS: statistically non-significant link. 
 

However, slightly lower average ages were found in Dakar (35 years) [5], Tu-
nis (38 years) [20], and Ivory Coast (36.5 years) [12]. This difference can be ex-
plained in our cohort, because of the therapeutic choice that has often been 
proposed in the elderly, menopausal. 

Sex: 
The female predominance in our study at 80% was also reported by: Ben Sel-

lem D et al., Tunis [15] (80%), Alaya W et al. [8], Mahdia [9] (80%), DohoHiro 
BG et al. in Bamako, [12] (83%), Mbodj M et al., Rabat [10] (79%).  

The strong female predominance is widely reported in the literature with even 
higher proportions, especially with Ndour O et al. [5] (98%); Diagne N et al. 
[21], and Joubij M et al. [22] (88%). In Switzerland, Jacques P [23] reported that 
it is more common in women than in men with a ratio of about 5 - 10/1. 

Graves’ disease is thus a woman’s condition whose distribution is independent 
of race and geographical location. 

Family history of goiter: 
The family goiter found in 24% of cases in our series is similar to the result 

reported by Ndour O et al. [5] and Samya TOURARI [19], with respectively 25% 
and 23% of cases. A genetic predisposition to Graves’ disease is reported in the 
literature. A lower rate of around 17% was found in 2017 by Oum-Kheltoum [2] 
in Fez.  
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The psycho-affective context: 
Generally, Graves’ disease appears after an emotional episode and/or psy-

cho-affective shock. In our study, 64% of patients or 16 patients had a psy-
cho-affective context at the beginning of the disease that could be an irritative 
thorn or a triggering factor. 

Lower values were found by Ndour O [5] and Oum-Kheltoum [2] with re-
spectively 15% and 8%. 

Indeed, Graves’ disease is considered an autoimmune condition that occurs 
secondarily to an irritative spine on a genetically predisposed terrain. 

Paraclinical aspects before iratherapy: 
- Thyroid hormones and thyroid function 

Seventy-two percent (72%) of our patients were in biological but clinically 
stable hyperthyroidism compared to 28% in euthyroidism. Joubij M et al. [22] 
found in their study in Rabat, 87% of patients in euthyroidism; 6.7% in hyper-
thyroidism and 6.3% in hypothyroidism. On the other hand, Mbodj M et al. [10] 
found in their series opposite results: a percentage of 75.96% of patients had eu-
thyroidism; 11.62% had hypothyroidism and 12.42% of patients had hyperthy-
roidism. 

This discrepancy could be explained by the fact that most of our patients were 
in relapse. 
- The determination of anti-TSH receptor antibodies (TRAK) 

In this study, antibody testing was not performed systematically. Anti-RTSH 
antibodies had been performed in 8 patients or 32% and were 100% positive. 
This positivity was found one hundred percent by Diagne N et al. [21] but also 
by Oum-Khaltoum B [2]. 

The non-systematic demand for antibodies could be explained initially by the 
high frequency of exophthalmos, which is a specific sign of Graves’ disease, but 
also because of the economic context that limited the demand for these expen-
sive immunological tests in our study. 
- Thyroid ultrasound 

In our series, 20 out of 25 patients had benefited from thyroid echography 
with homogeneous hypervascular goiter patients in 80% of cases, heterogeneous 
goiter in 15% and hypervascular nodular goiter in 5% of cases. Samya TOURARI 
[19], in his series of 16 cases had reported 25% vascular goiter, 18.75 nodular 
goiter, 31.25% goiter without precision, 12.5% appearance thyroiditis. 

Doppler ultrasound of the thyroid gland is not essential and is very opera-
tion-dependent. However, it is a non-invasive, inexpensive examination that can 
quickly provide information on etiology and prognosis. In Graves’ disease, the 
thyroid parenchyma is globally hypo-echogenic and heterogeneous and hyper-
vascular (“infernal thyroid”). The Doppler is useful for the demonstration of the 
global hyper-vascularization of the parenchyma, and the calculation of velocities 
in the inferior thyroid artery.  

Later these data will have a predictive value since the presence of hy-
per-vascularization testifies to the persistence of a thyrostimulating process 
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while its disappearance is in favor of its cure [23]. 
In our study, the mean volume of 39.6 cm3 thyroid measured on ultrasound 

and extremes of 21 to 66 cm3 was consistent with the realization of iratherapy. 
Indeed, a thyroid mass greater than 80 grams is a relative contraindication of 
iodotherapy [24]. 
- Thyroid scintigraphy 

Three patients (12%) had undergone a thyroid scintigraphy that showed ho-
mogeneous and diffuse hyperfixation consistent with Graves’ disease. 

In the study of Samya TOURARI [19], there were 4 patients (23%) with 3 pa-
tients who presented an intense and homogeneous fixation goiter and regular 
contours and one patient with a discrete asymmetrical fixation goiter (left me-
dio-lobar warm zone).  

Thyroid scintigraphy (iodine-123 or, failing that, technetium) is not essential 
in typical forms of Graves’ disease (diffuse blowing goiter, typical Basedowian 
orbitopathy). It would reveal a diffuse and homogeneous hyperfixation of the 
isotope within the thyroid parenchyma. However, it remains the most useful 
examination to determine the mechanism of hyperthyroidism of difficult diag-
nosis. It is also essential before a possible radio-isotopic treatment [25].  

Therapeutic aspects: 
- Synthetic antithyroid drugs (SAT) 

In our study, all patients received SAT as initial treatment. Indeed SAT in the 
first choice is widely shared in the literature especially in Africa and Europe with 
the studies of Bouziane T et al. [26] in Fez, Diagne N et al. [21] in Dakar, El 
Mokhtari M et al. [14] in Guadeloupe 2015, Samya TOURARI in Marrakeche 
and Morax M et al. [27] in Paris. 
- Iratherapy 
 Indications of iratherapy in the management of Graves’ disease 

Initially proposed in elderly, inoperable, or refusing surgery, it currently 
represents a possible alternative to surgery, in goiters not suspected of malig-
nancy. No study has been able to demonstrate, despite the hindsight of more 
than 30 years in some studies, the existence of genetic effects or increased risk of 
extra-thyroid cancers in patients treated with iratherapy. Its prescription is no 
longer limited to the elderly but extends to younger and younger patients. 

The choice of radioactive iodine as a first- or second-line treatment in Graves’ 
disease varies from country to country or center. 

Iratherapy has been offered as a second-line treatment in all our patients, 
which is consistent with European practice [4]. In principle, treatment with 
synthetic antithyroid drugs is continued for twelve to eighteen months with an 
attempt to wean and, if possible, stop before considering radioiodine treatment 
if remission does not occur [4]. Unlike the United States where it is prescribed as 
a first-line treatment in 50% to 75% of cases except for young subjects where it 
represents only 30% of the options [10]. N. Charfi et al. [17] in Tunisia found 
that iratherapy was prescribed immediately in 76.3% of cases and second-line in 
23.7% of cases. On the other hand, W. El Ajmi et al. [16] still in Tunisia had re-
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ported 63.5% of patients initially treated with SAT. N. For N. El Yaagoubi et al. 
[18] in Morocco, iodine-131 was indicated as a 1st line in 15 patients or 14%, in 
2nd line in 91 patients or 86%. Stills in Maroc, S. El Issami et al. [28] had found 
that iratherapy has often been proposed as a second- or even third-line treat-
ment. Thus, on 25% of patients were initially treated with iodine-131, while 75% 
of patients had received iodine-131 after failure of medical treatment and/or re-
currence after surgical treatment. 

In our study, 76% of indications were patients with treatment failure mani-
fested by relapse after treatment with SAT. Bouziane T et al. [26] (Morocco) in 
2017 had recovered a rate of 70%. 

Twenty-four percent (24%) of the patients in our cohort were in remission, 
which is also close to the 31% found during the same year in Tunis by Alaya W 
et al. [29].  

In the study by I. Oueslati et al. [30], I-131 treatment was indicated as a 
first-line treatment in 71.6% of patients and as a second-line treatment in 28.4%: 
in 20% of cases after failure of synthetic antithyroid drugs (SAT), 7.6% after in-
tolerance to SAT and 0.8% of cases after subtotal thyroidectomy. 

In the study by Samya TOURARI [19] in Marrakech, there was 70.6% after 
recurrence, 23.5% after resistance to SAT and 5.9% after intolerance to SAT. 
 Taking corticosteroid therapy before iratherapy 

Sixteen patients had exophthalmos. Seven (7) patients or 44% had benefited 
from corticosteroid therapy including one case of inflammatory exophthalmos. 
There was stabilization and improvement of exophthalmos in 100% of our cases. 
The same result was obtained by Oueslati I et al. [31] and Hebaili N et al. [32].  
 The activity of radioactive iodine administered 

The choice of the activity to be administered and the modalities of its evalua-
tion were the subject of lengthy discussions. This choice depends essentially on 
the therapeutic objective and the expected effect: ablative dose treatment with 
the appearance of hypothyroidism or a lower dose treatment called antitoxic 
aimed at restoring euthyroidism. 

We opted for a high ablative dose in all our patients to reduce the risk of 
treatment failure. On had administered empirical radioactive iodine activity 
taking into account age, thyroid volume, and degree of hyperthyroidism and also 
the socioeconomic level of the patient. Thus an average dose of 15.35 mCi was 
our objective with modulation sometimes according to the aforementioned pa-
rameters. In addition to its widely proven effectiveness, the advantage of our 
choice over the choice to give an activity according to the percentage of thyroid 
fixation is threefold: reduction in the cost of care, reduction of the time to care 
and better radiation protection of staff and patient. S Fieffe et al. [33] also de-
scribed the same benefits in their study. 

Similar averages of activity werefound in Tunisian studies by Ben Sellem D et 
al. 15 mCi [15], de Hebaili N et al. [32] 15 mCi, de Bennour M et al. [34] 13.95 
mCi et I. Oueslati et al. [30] 13.86 mCi. 
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Lower means were described by El Feleh E et al. 12.34 mCi [35], N. El Yaa-
goubi [18] 11.13 mCi and N. Charfi et al, 6 mCi. The choice of low doses seems 
to be less successful compared to high doses. Indeed N. Charfi et al. [17] with an 
average dose of 6 mCi had 31% failure against 8% in our series. I. Oueslati et al. 
[30] had also reported in their study a greater effectiveness of high doses. Samya 
TOURARI [19], with an average activity of 9.7 mCi had noted 23.5% failure. 
 Incidents - Accidents 

In our series, no patient had experienced cervical inflammatory manifestation 
within 15 days of taking radioiodine, or early side effects. The same observation 
was made in the series of Hebaili N et al. [32] in Tunis, Mbodj M et al. [10] in 
Rabat, Joubij M et al. [22] in Casablanca. Boumelit A et al. [36] in Tlemcen and 
S. El Issami et al. [28] in Rabat. N. Charfi et al. [17] noted a worsening of ocular 
signs in 9.9% of patients. 
 Evaluation of thyroid function 3 months after Iratherapy 

We had about 68% remission or 52% total remission and 16% partial remis-
sion, against a persistence of frank hyperthyroidism of 32%. Our results were 
comparable to those of Aschawa H et al. [37], El Yaagoubi et al. [38] and Joubij 
M et al. [22] with remission rates of 84.4%, 66% and 65% respectively . 
 Evaluation of thyroid function 6 months after Iratherapy 

In total, after 7 months of follow-up after iratherapy, we had about 92% re-
mission or 88% total remission (64% euthyroidism and 24% hypothyroidism) 
and 4% partial remission, against 8% therapeutic failure. Our remission rate of 
88 or even 92% is very satisfactory compared to the remission rates reported in 
the literature: Ben Sellem D et al. [15] (91%), El Feleh E et al. [35] (90%), Hebaili 
N et al. [32] (92%), Joubij M et al. [22] (79%), I. Oueslati et al. [30] (59%), N. El 
Yaagoubi et al. [18] (66%), S Fieffe et al. [33] (80%) and Mbodj M et al. [10] 
(92.24%), S. El Issami et al. [28] (92%). 

In Senegal, iratherapy is less costly than surgical treatment ($309 versus $584) 
Analytical study 
In our series, we did not note a correlation of therapeutic response (remission 

and failure) with age, sex, baseline thyroid function and age of hyperthyroidism. 
For N. Charfi et al. [17], sex, age, severity of hyperthyroidism, antithyroid anti-
body (TRAK) positivity and iodine activity administered were not correlated 
with the occurrence of hypothyroidism. The shorter duration of hyperthyroid-
ism before therapy as well as the small volume of goiter were correlated with 
progression to hypothyroidism.  

However, for iodine activity we noted in our series a correlation with the ef-
fectiveness of treatment. EL Feleh E et al. [35] showed in their study that patients 
who achieved a cure received a significantly higher dose of iodine (13.81 ± 2.13 
mCi). Dejax C et al. [39] through their series specified in his study that it would 
seem that the activity of iodine 131 administered plays a role in the occurrence 
of hypothyroidism. The more iodine activity increases, the greater the likelihood 
of the occurrence of hypothyroidism. Ben Sellem D et al. [15], in their series, had 
shown that the administration of high therapeutic doses of iodine 131 led to a 
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very good efficacy from the first course with a success rate of 91%. The response 
was early, averaging 4 months. 

In our study, the cure rate was higher in younger patients. There was 100% in 
patients under 40 years of age compared to 80% in patients over 40 years of age. 
En Tunis Hebaili N et al. [40] found in 2014 that 37.4% of patients over 65 years 
of age were in remission. This difference could be explained by the small size of 
our series. 

5. Conclusions 

Management of Graves’ disease requires accurate diagnosis and appropriate 
treatment. Nevertheless, diagnosis and treatment are relatively simple. The effec-
tiveness of radioactive iodine, in particular ablative doses in the treatment of 
hyperthyroidism, is well established. As a result, the radical treatment of Graves’ 
disease should no longer be limited to surgery in our areas since iodine-131 has 
proven its effectiveness and especially since it is not as aggressive as surgery. 

Taking into account our socio-economic context, iratherapy should be a 
treatment of choice for hyperthyroidism with a good quality/price ratio, simplic-
ity of realization and excellent tolerance. As for its indication, obtaining prior 
euthyroidism through SAT is not necessarily necessary, unlike surgery. 

The iratherapy must be popularized in Senegal and in general in Africa 
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Abstract 
Introduction: Near-infrared fluorescence imaging is a technique that will es-
tablish itself in the short term at the international level because it is recog-
nized for its potential to improve the performance of surgical interventions, 
its moderate investment and operating costs and its portability. Although the 
technology is now mature, there is currently the problem of the availability of 
contrast agents to be injected IV. The aim of this methodology article is to 
propose an alternative solution to the need for contrast agents for clinical re-
search, particularly in oncology. Methodology: They consist of coupling a 
fluorescent marker in the form of an NHS derivative, such as IR DYE manu-
factured in compliance with GMP, with therapeutic monoclonal antibodies 
having marketing authorization for molecular imaging. For a given antibody, 
the marking procedure must be the subject of a validation file on the final 
preparation filtered on a sterilizing membrane at 0.22 µm. Once the proce-
dure has been validated, it would be unnecessary to repeat the tests before 
each clinical research examination. A check of the marking by thin-layer 
chromatography (TLC) and place it in a sample bank at +4˚C for 1 month of 
each injected formulation would be sufficient for additional tests if necessary. 
Conclusion: Molecular near-infrared fluorescence imaging is experiencing 
development, the process of which could be accelerated by greater availability 
of clinical contrast agents. Alternative solutions are therefore necessary to 
promote clinical research in this area. These methods must be shared to make 
it easier for researchers.  
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1. Introduction 

Near-infrared fluorescence imaging is a technique that will establish itself in the 
short term in clinical practice at the international level because it is recognized 
for its potential to improve the performance of surgical interventions, its in-
vestment and operating costs moderate and its portability. Researchers continue 
to explore new applications for NIR imaging, whether in the field of neuroi-
maging, image-guided therapy, or other emerging areas. It is today a strategy 
aimed at reducing geographic inequalities in the face of cancer. For all these 
reasons, translational and clinical research work in fluorescence imaging arouses 
great interest for the development of new diagnostic and therapeutic strategies. 
It is in this sense that NIR-specific nanoparticles and contrast agents are being 
developed to target specific biomarkers, thereby improving the sensitivity and 
specificity of imaging. 

However, the limited number of contrast agents authorized for use in humans 
is a major constraint. Hence the interest in proposing alternatives and strategies 
to overcome these difficulties. 

2. Context 

Although the technology is now mature, there is currently the problem of the 
availability of contrast agents to be injected intravenously. Only Indocyanine 
Green (ICG) [1] and Methylene Blue [2] currently have marketing authorization 
in most countries as illustrated in Figure 1 for the detection of the sentinel 
lymph node in breast cancer by fluorescence imaging using ICG. These are use-
ful tracers for lymphatic and vascular identification but they do not allow specif-
ic molecular imaging which constitutes the main interest in oncology of this 
modality. However, near-infrared wavelengths allow better penetration through 
biological tissues, reducing light scattering and providing better depth resolu-
tion. Likewise, biological tissues absorb less light in the NIR range, thereby re-
ducing unwanted auto-fluorescence. 
 

 

Figure 1. Fluorescence-guided SLNB Using Indocyanine Green. [5] 
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Currently, numerous multicenter clinical research studies are currently un-
derway with some molecular probes manufactured in accordance with the prin-
ciples and guidelines to be respected for medicinal products for human use [3] 
[4]. 

3. Alternative and Methodological Approach 

They consist of coupling a fluorescent marker in the form of an NHS derivative, 
such as IR DYE 800 CW [6] manufactured in compliance with GMPs, with the-
rapeutic monoclonal antibodies having marketing authorization for molecular 
imaging [7]. 

The marking is particularly simple since it involves, on an aliquot of the anti-
body and under sterile conditions, deprotonating the NH2 functions of the anti-
body by adding NaHCO3 QSP pH 8.6 to incubate for 12 hours at +4˚C with NHS 
fluorochrome in limiting quantities in Figure 2. 

For a given antibody, the marking procedure must be the subject of a valida-
tion file on the final preparation filtered on a sterilizing membrane at 0.22 µm 
and covering: 
- The quality of the marking and quantification of the free fraction of the flu-

orochrome (CCM or HPLC), 
- Preservation of the immuno-reactivity of the fluorescent antibody, by FACS 

on tumor line cells Human expressing the antigen of interest, 
- The absence of oligomerization of the fluorescent antibody (HPLC on a dif-

fusion exclusion column), 
- Control (if possible) by in vivo fluorescence imaging on mice xenografted 

subcutaneously with tumor cells of the line selected for the FACS immuno-
reactivity test, 

- Sterility controls (culture) and absence of pyrogens (Limulus test). 
Once the procedure has been validated, it would be unnecessary to repeat the 

tests before each clinical research examination. A check of the marking by TLC 
and the placing in the sample library at +4˚C for 1 month of each injected for-
mulation would be sufficient for additional tests if necessary. 
 

 

Figure 2. Schematic representation of 89 Zr-mAb-IRDye800 CW. [8] 
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Note that monoclonal antibodies play a crucial role in tumor targeting imag-
ing, a technique that aims to specifically visualize cancer cells or tumor tissues 
using contrast agents. They are designed to bind specifically to antigens on the 
surface of tumor cells. This gives high targeting specificity, allowing precise dis-
crimination between cancer cells and healthy tissues. The use of monoclonal an-
tibodies in molecular imaging allows visualization of specific biomarkers asso-
ciated with malignancy. This may include antigens specific to certain tumors or 
proteins overexpressed in cancer cells. 

4. Conclusion 

Molecular near-infrared fluorescence imaging is experiencing development, the 
process of which could be accelerated by the process of which could be accele-
rated by obtaining more clinical contrast agents. Alternative solutions are there-
fore necessary to promote clinical research in this area. These methods must be 
shared to make it easier for researchers. Researchers continue to explore new 
applications for NIR imaging, whether in the field of neuroimaging, im-
age-guided therapy, or other emerging areas. 
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