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Background

Patients with thyroid cancer (TC) are commonly treated with radioactive iodine therapy (RIA) to prevent neoplastic transformation and the re-emergence of cancer cells. However, it has major side effects on blood cells. However, the degree of change in hematological parameters reported varies across studies. Therefore, the aim of this review was to assesses the mean differences in hematological parameters after RAI therapy.





Methods

The relevant articles for this review were identified through extensive searches of databases and the Google search engine. The identified articles were subsequently selected using predetermined eligibility criteria. All relevant information from the screened articles was extracted. The pooled standardized mean differences (SMDs) of the parameters were assessed via a random effects model. The heterogeneity was determined by I2 statistics test. Funnel plots and Egger’s test were utilized to assess publication bias.





Results

A total of 17 studies including 4,112 and 3,766 study participants before and after RAI therapy, respectively, were included. The pooled SMDs of the total leucocyte count (TLC) (*109/L) at one, three, six and 12 months and the last follow-up period were 2.39, 2.46, 5.84, 3.19, and 0.53, respectively. Changes in the TLC after one, three and six months of therapy were statistically significant. In terms of the absolute neutrophil count (ANC; *109/L) and absolute lymphocyte count (ALC; *109/L), the pooled SMDs at the last follow-up period were 6.32 and 7.37, respectively. In addition, statistically significant changes in the platelet count (PLT; *109/L) were observed at one, three, six and 12 months and at the last follow-up, with pooled SMDs of 7.01, 0.22, 2.63, 6.61, and 8.76, respectively. Furthermore, statistically significant changes in red blood cells (RBCs; *1012/L) and hemoglobin (Hgb; g/dl) were detected after three and six months of therapy, with pooled SMDs of -1.088 and 2.4, respectively.





Conclusion

According to the current systematic review and meta-analysis, radioiodine therapy had a significant effect on hematological parameters. Thus, early screening and correction of hematological toxicity may be helpful for improving quality of life in thyroid cancer patients receiving radioiodine therapy.





Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42024586449.
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Introduction

Thyroid cancer is the most prevalent type of endocrine cancer that arises from the abnormal growth of epithelial cells in the thyroid gland at the base of the neck (1, 2). Currently, the incidence rate of TC is gradually increasing, accounting for approximately 821,214 new cases and 47,507 deaths globally (3). Its incidence rate is predicted to increase by approximately 30.46% by 2030 (4). However, the incidence rate of TC is high, and TC has a good prognosis (5). Among the subtypes of TC, papillary and follicular thyroid cancers are the most common, whereas medullary and anaplastic thyroid cancers are less common (6). Increasing diagnostic accuracy and surveillance and overdiagnosis are attributable to increasing rates of thyroid cancer (2, 3, 7).

Potential contributing factors of TC are a hereditary history of TC, radiation exposure, exposure to endocrine-disrupting chemicals, long-term exposure to toxins, a history of goiter, and iodine deficiency (1, 6). The diagnosis of TC is based on physical examination, histological examination, imaging studies, blood tests, and identification of genetic abnormalities (1, 8). Thyroid cancer can be treated with surgery, hormone replacement, external bean radiation therapy, and RAI therapy (9). These treatments may be provided in combination based on tumor type and risk stratification (10). Currently, thyroidectomy with subsequent ablation of the RAI is utilized as the standard treatment for differentiated TC, the treatment may be guided based on individual risk assessment and severity (9, 11).

Radioiodine therapy is a medical treatment that involves the administration of RAI isotopes to eliminate thyroid remnants and cancer cells following surgery (12). The removal of thyroid remnants helps prevent neoplastic transformation and the re-emergence of cancer cells (13). However, side effects such as lacrimal duct dysfunction, gastrointestinal dysfunction, pulmonary fibrosis, neck pain, edema, xerostomia, inflammation, nausea, secondary malignancies and hematopoietic system toxicity have been documented (2, 14–16).

Hematopoietic system and other vital organ toxicities are associated with changes in hematological parameters (16–18). Direct damage to blood cells due to the small amount of radioiodine isotopes that enter the blood circulation and tissue affects hematological parameters (2). Induction of cellular apoptosis and suppression of hematopoietic clonogenicity by radiation can also alter the count and function of peripheral blood (19–21). Alterations in genes that are responsible for cell division and DNA repair as a result of the toxic effects of RAI alter the proliferation and differentiation of peripheral blood (2).

Suppression of bone marrow is a major side effect of radioiodine isotopes that adversely affects almost all types of hematological parameters and causes severe hematological toxicity (18). During radioiodine therapy, the radiation emitted affects hematopoietic cells through direct damage and subsequent alterations in hematopoiesis in the bone marrow (21). Additionally, as a result of radioisotopes having greater absorption ability by the bone marrow, they induce damage to DNA and the apoptosis of hematopoietic stem cells (20, 22). On the other hand, gastrointestinal toxicity and subsequent nutritional deficiency are associated with changes in hematological parameters (23, 24). The toxicities of organs such as the thyroid gland, liver and kidney, which play major roles in hematopoiesis by radioisotopes, are also associated with changes in hematological parameters (14, 25).

Alterations in RBCs and their parameters after RAI treatment are related primarily to bone marrow suppression and damage to other vital organs involved in erythropoiesis (14, 26, 27). Structural and functional damage to RBCs due to RAI isotopes that enter directly into the blood circulation and tissue can also be associated with changes in RBCs and their parameters (2). The administration of radioiodine isotopes indirectly changes the oxidative response and induces changes in RBC shape, microcirculation, and life span (2, 26). In addition, the induction of oxidative stress in RBCs causes DNA damage and affects their vascular permeability and mechanical properties (28).

Changes in TLCs and their differences following RAI therapy are a result of organ toxicity and the activation of various inflammatory factors (15, 16, 29). In addition, alterations in growth factors and supportive stroma due to radiation can cause changes in TLCs count and function (29, 30). Induction of cellular apoptosis and alteration of genetic material by radioiodine also affects WBCs (31–33). Like RBCs and TLCs, RAI-associated vital organ damage, apoptosis, and genetic alterations are responsible for changes in the PLT count (15, 20, 21). In addition, direct damage to megakaryocytes and their progenitors by radioisotopes causes changes in PLT number and function (19).

Hematological changes are associated with poor prognosis, increased risk of hospitalization, and other complications (34). The routine evaluation and monitoring of those parameters are beneficial for patients. Most studies reported that common hematological parameters are diminished following RAI therapy (35). However, the reports of studies are not consistent (18, 35–37). Additionally, the degree of hematological changes reported varies. Even though the RAI has a significant effect on hematological parameters and the degree of changes is inconsistent across studies, there is a shortage of systematic reviews and meta-analyses that provide a comprehensive understanding. Thus, the aim of this review was to investigate the pooled mean differences in hematological parameters after RAI therapy in thyroid cancer patients. This may help support clinical decisions and improve patient management.





Methods




Protocol registration and design

For this systematic review and meta-analysis, the protocol was initially registered on the International Prospective Register of Systematic Review, and a specific registration number was provided (CRD42024586449). In addition, to estimate the mean differences in hematological parameters after RAI treatment, this systematic review and meta-analysis were designed. Studies conducted to assess changes in hematological parameters after RAI therapy were included in this review. The findings were organized and reported according to the Preferred Reporting Items for Systematic Review and Meta-analysis protocols (PRISMA) (38). The PRISMA checklist was used to ensure that all relevant information was included in the analysis.





Eligibility criteria




Inclusion and exclusion criteria

The literature reporting both the means and standard deviations (SDs) of hematological parameters before and after RAI therapy in thyroid cancer patients was reviewed and included. Besides, prospective and retrospective follow-up studies published in the English language up to October 30, 2024, were included. On the other hand, studies with incomplete or missing outcome data, animal studies, case reports, and studies whose full texts were not available were excluded. Moreover, literature reviews, non-follow-up studies and studies that included other complications affecting hematological parameters were excluded.






Database and search strategies

Potential articles for this systematic review and meta-analysis were searched via databases such as PubMed, Embase, Medline, the Cochrane Library, Scopus, and Web of Science. Besides, Google Scholar, online archives, and university repository searches were used to add gray literature. The search was conducted by two authors (DMB and MW). The population, intervention, comparator or control and outcome of interest (PICO)-formatted questions were used to conduct a comprehensive search. The search in the related MeSH terms was conjoined with the Boolean operator “OR”; meanwhile, unrelated MeSH terms were conjoined with the Boolean operator “AND” (Supplementary File 1).





Study selection procedure

Two independent authors (DMB and MW) reviewed the identified articles and combined the records into Endnote software version X9 to manage the references. The authors subsequently removed the duplicated records and screened the titles and/or abstracts to include relevant studies. The controversies that occurred between the two authors assigned to screening were resolved through mediation on the basis of predetermined criteria by a third independent reviewer (BBT). The studies eligible after title and abstract screening were selected for further review of the full texts and data extraction.





Study quality assessment

The quality of all the selected studies was rigorously evaluated via the JBI checklist by two independent authors (DMB and BBT). The evaluation consists of related items such as bias related to temporal precedence, selection and allocation, confounding factors, administration of intervention/exposure, assessment, detection and measurement of the outcome, participant retention, and statistical conclusion validity. A score of N was assigned for no, whereas a score of Y, UC and NA were assigned for yes, unclear and not applicable, respectively (39). After evaluation, only high-quality studies were included (Supplementary File 2).





Data extraction

The Microsoft Excel spreadsheet was formatted with specific information for data extraction and guarantees the accuracy of the data. The information extracted from the studies included the author’s name, year of publication, study setting, sample size before treatment, sample size after treatment, study design, histology of thyroid cancer, stage of thyroid cancer, final follow-up period, mean (SD) hematological parameters before treatment and mean (SD) hematological parameters after treatment for data extraction. All data from the included studies were extracted by one reviewer (DMB) and verified by a second reviewer (BBT).





Outcome of interest

The outcome of interest was the pooled mean difference in hematological parameters after RAI treatment in patients with thyroid cancer.





Data synthesis and analysis

Following extraction, the data were exported to STATA 17.0 software for further analysis. The degree of heterogeneity was assessed via the Higgins et al. method. Variability in effect size was estimated via I-square (I2) statistics. Hence, the heterogeneity among studies was high, and a random effects model with 95% confidence intervals was utilized to determine the standard mean difference (SMD). Forest plots were constructed on the basis of the source to present pooled estimates of the SMD. Subgroup analysis was conducted to assess the source of heterogeneity. Furthermore, a sensitivity analysis was conducted to examine the effect of variables on the pooled effect size. Funnel plots and Egger’s statistical tests were used to assess publication bias. A p value less than 0.05 was set to indicate statistical significance.






Results




Selection and identification of studies

A total of 367 articles were identified and retrieved through searches. Then, 34 duplicate studies were removed. The titles and/or abstracts of the remaining studies were further reviewed for eligibility, and 289 studies were found to be not relevant for analysis. After further screening the remaining articles, a total of 17 articles met the inclusion criteria and were included in the analysis. The number of included studies varied on the basis of the type of hematological parameters. The frequencies of studies reporting the means (SD) of RBCs, Hgb, TLCs, ANCs, ALCs, and PLTs before and after treatment were 6, 15, 16, 6, 9, and 16, respectively (Figure 1).




Figure 1 | PRISMA flow diagram of article selection for systematic review and meta-analysis of the effect of RAI therapy on hematological parameters among thyroid cancer patients.







Characteristics of the included studies

A total of 17 studies that assessed the effects of RAI treatment on hematological parameters were included. The majority were from Turkey (six) and China (three). The numbers of patients included before and after RAI therapy were 4,112 and 3,766, respectively. The majority (14) of the included studies were retrospective follow-up. Only two studies were conducted before 2010, and the remaining studies were conducted after 2010. The total follow-up period of the studies used to assess changes in hematological parameters ranged from one week to five years. In addition, the frequency of measurement was not consistent among the studies (Table 1).


Table 1 | Summary characteristics of the articles included in the systematic review and meta-analysis (n=17).







Quality and heterogeneity

The quality of each study was evaluated using the JBI checklist, and only high-quality (scored >75%) studies were included to minimize bias (Supplementary File 2). The outcome variables were tested via both fixed and random effects models. Significant heterogeneity was observed. As a result, a random effects model was used to minimize heterogeneity. Finally, the outcome variables were measured via SMD.





Pooled estimated mean differences in hematological parameters after RAI therapy in thyroid cancer patients




Effect of RAI therapy on RBCs and their parameters in thyroid cancer patients

A total of 6 studies were included to assess the effect of RAI therapy on RBC. Accordingly, the pooled SMD of the RBC count was -0.32*1012/L (95% CI: -1.35–0.71, p value: 0.56) at the last follow-up period. Four studies reported a change in the RBC count after 6 months of RAI therapy, and the change observed was -1.088*1012/L (95% CI: -1.96– -0.182, p value: 0.028). In addition, in three studies, the pooled SMD of RBC after one month of RAI therapy was 2.19*1012/L (95% CI: 0.93–03.53, p value: 0.106). No studies reported changes in RBC after 3 and 12 months of therapy (Figure 2).




Figure 2 | Forest plot depicting the effect of RIA therapy on RBC count at different time points.



Regarding the change in Hgb, a total of 15 studies were included in the meta-analysis to assess the overall effect of therapy on Hgb, and the overall effect size of Hgb at the last follow-up period was 0.28*g/dl (95% CI: -1.35-1.91, p value: 0.79). Among the included studies, six, four, and nine reported changes in Hgb after one, three, and six months of RAI therapy, respectively. The pooled SMDs of Hgb after one, three, and six months of RAI therapy were 12.47*g/dl (95% CI: -7.42-32.37, p value: 0.22), 2.4*g/dl (95% CI: -0.81-5.61, p value: 0.022) and 0.82*g/dl (95% CI: -3.02-4.66, p value: 0.68), respectively. In addition, eight studies reported a change in Hgb after one year of RAI therapy, and the pooled SMD of Hgb was -0.7*g/dl (95% CI: -6.6–5.2, p value: 0.82) (Figure 3).




Figure 3 | Forest plot depicting the effect of RIA therapy on RBC count at different time points.







Effect of RAI therapy on TLCs and their differential effects in thyroid cancer patients

A total of 16 studies were included in the random effects model to assess the pooled effect of RAI therapy on TLC. Accordingly, the overall change in the mean TLC value after therapy was -0.53*109/L (95% CI: -4.3-3.33, p value: 0.79). The pooled SMDs of TLC after one, three, six and 12 months of RAI therapy were 2.39*109/L (95% CI: 0.67-4.12, p value: 0.007), 2.46*109/L (95% CI: 0.72-4.2, p value: 0.006), 5.84*109/L (95% CI: -1.68–13.37, p value: 0.013), and 3.19*109/L (95% CI: 0.77–5.61, p value: 0.79), respectively (Figure 4).




Figure 4 | Forest plot depicting the TLCs after RAI therapy at different time points.



With respect to leucocyte differentials (ANC and ALC), six and nine studies, respectively, were included in the meta-analysis. The pooled SMDs of ANC and ALC at the last follow-up period were 6.32*109/L (95% CI: -2.54-15.17) and 7.37 *109/L (95% CI: -3.62-18.36), respectively, with a p value of <0.05. The SMDs of ANC and ALC after three, six, and 12 months of therapy were as follows: 1.57*109/L (95% CI: -0.54-3.73, p value: 0.26) vs 0.96 *109/L (95% CI: -0.74-2.64, p value: 0.15), 1.39*109/L (95% CI: 0.53-2.25, p value: 0.95) vs -0.3*109/L (95% CI: -9.74-9.14, p value: 0.0015) and 1.22*109/L (95% CI: -0.04-2.49, p value: 0.79) vs -0.95*109/L (95% CI: -8.93-7.02, p value: 0.0064), respectively. Additionally, the SMD of the ALC after one month of therapy was 0.56*109/L (95% CI: -5.9-7.04, p value: 0.27) (Figure 5).




Figure 5 | Forest plot depicting ANC and ALC after RAI therapy at different time points.







Effect of RAI therapy on PLTs in thyroid cancer patients

Changes in the peripheral PLT were reported in 16 studies. At the time of the last follow-up, the pooled SMD for the PLT count was 8.76*109/L (95% CI: 6.56 - 10.96, p value: <0.001). Five of the included studies reported changes in the mean PLT count after one month (SMD: 7.01*109/L, 95% CI: -6.56-20.56) and three months (SMD: 0.22*109/L, 95% CI: 0.12-0.32) of therapy, with a p value <0.05. In addition, nine studies after 6 months and seven studies after one year of therapy reported a mean difference in the PLT count. Accordingly, the SMDs of the PLT count after six months and one year of therapy were 2.63*109/L (95% CI: 1.26-3.93, p value: <0.001) and 6.61*109/L (95% CI: 4.47-8.75, p value: <0.001), respectively (Figure 6).




Figure 6 | Forest plot depicting the PLT count after RAI therapy at different time points.








Subgroup analysis

According to the meta-analysis, significant heterogeneity (>75%) was observed in the case of all the hematological parameters included at different follow-up periods. As a result, subgroup analysis was performed on the basis of year of publication, continent, study design, histology of TC, and stage of TC to determine possible sources of heterogeneity. Accordingly, the subgroup analysis based on continent revealed that the pooled SMDs of the RBC count (*1012/L) and Hgb concentration (g/dl) in Asia, Europe, and North America were -0.81 vs -0.85, 0.01 vs 0.88 and 0.51 vs 0.51, respectively. Similarly, a subgroup analysis was conducted for TLC(*109/L), ANC(*109/L), and ALC(*109/L), and the observed pooled SMDs in Asia were 0.61, 6.61 and 2.29; those in Europe were -1.65, 15.34 and 16.52; and those in North America were 1.64, 1.65 and 0.29, respectively. In terms of the PLT count (*109/L), the pooled SMDs found in Asia, Europe, and North America were 17.15, 6.3 and 0.51, respectively. Similarly, the pooled SMDs of RBC and Hgb in Asia, Europe and North America were -0.8, 0.88, and 0.57 vs 2.28, 16.52, and 0.29, respectively.

The subgroup analysis conducted on the basis of the TC stage revealed that the SMDs of (RBC*109/L, Hgb(*g/dl), TLC (*109/L), ANC (*109/L), ALC (*109/L) and PLTs (*109/L) of studies included patients with all stages of TC were -0.9, 0.35, 0.78, 3.72, 2.04, and 8.1, respectively. Meanwhile, the SMDs of Hgb, TLC, and PLTs in studies that included patients with only stage I and II disease were 0.79, 1.30, 0.79, and 3.32, respectively. With respect to subgroup analysis based on the histology of TC, the SMDs of RBC(*1012/L), Hgb(*g/dl), TLC(*109/L), ANC(*109/L), ALC(*109/L) and PLTs(*109/L) of studies that included all differentiated TC histologies were -0.51, -0.16, -0.95, 12.94, 12.67, and 10.46, respectively, whereas the SMDs of those parameters for studies that included only papillary and follicular TC histology were -0.12, 1.38, 1.42, 10.86, 1.37, and 7.62, respectively (Supplementary File 3).





Sensitivity analysis

As a result of the high level of heterogeneity observed in the meta-analysis, sensitivity analysis was conducted to determine the impact of individual studies on the overall effect size. According to the analysis, omitting a single study at a time had no influence on the overall effect size or its significance for any of the included parameters (Supplementary File 4).





Publication bias

Since the current meta-analysis was conducted to assess the effects of RAI therapy on hematological parameters at different periods of time, publication bias was specifically determined on the basis of the type of parameter and length of follow-up period (last follow-up, after one year, after the 6th month, after the 3rd month and after one month). Both visual inspection (funnel plot) and statistical tests (Egger’s test) were used to evaluate publication bias. The output of the analysis indicated that, except for Hgb after the 6th month of RAI therapy, there was no publication bias among the studies included across parameters (Supplementary File 5).





Trim and fill analysis

Significant publication bias was observed in the case of Hgb after the 6th month of RAI therapy; as a result, trim-and-fill analysis was performed to minimize the effect of the small study. Accordingly, two additional studies were included in the model, and the overall effect size of Hgb after the 6th month of RAI therapy in the random effects model was -0.776 (95% CI: -3.109-1.557, p value: 0.515).






Discussion

Thyroid cancer is reported as a major public health concern globally (1, 2). Treating differentiated TC with radioactive iodine has been shown to have major side effects (12). The major side effects of RAI are hematopoietic system damage and subsequent dampening of peripheral blood cells (2, 14–16). Hematological side effects are associated with poor prognosis, increased risk of hospitalization, mortality and morbidity (34). Although single studies have reported the side effects of RAI on hematological parameters, the evidence is less clear and contradictory for patient management. Therefore, the main objective of this review was to assess the cumulative effects of RAI therapy on hematological parameters at different time points to assist in evidence-based patient management.

The findings of the meta-analysis revealed that TLC was significantly lower after one, three and six months of RAI therapy than at baseline. These findings indicate that the RAI has short- and intermediate-term effects on leucocytes. The possible explanations for the occurrence of leucopenia after RAI therapy could be related to organ toxicity, the activation of various inflammatory factors, alterations in growth factors and the induction of cellular apoptosis by RAI therapy (15, 16, 29).

Additionally, RAI induced alterations in genetic material and vital organs, which may also explain the decrease in TLC (15, 20, 21). Furthermore, the hematotoxic effect of therapy on hematopoietic precursor cells may be a possible reason for the decrease in TLC. On the other hand, a significant decrease in TLC was not observed after one year or at the last follow-up period. The lack of a significant decrease in the TCL after one year of RAI therapy may be due to recovery of the bone marrow and other hematopoietic organs, quick recovery capacity of the predominant total leucocytes (neutrophils), adaptive response of the body, and dose reduction over a period of time (15, 40). The lack of a significant decrease in the TLC at the last follow-up period can be attributed to the heterogeneity of the follow-up period.

Indeed, statistically significant decreases in ANC and ALC following RAI therapy were observed. This effect might be linked with treatment-induced organ toxicity and the activation of various inflammatory factors involved in changes in neutrophils and lymphocytes (15, 16, 29). In addition, a low ALC was observed after six and 12 months of therapy. The persistent low lymphocyte count could be explained by its radiosensitive nature, rapid apoptosis and lymphatic drainage compared with those of other TLCs (18, 41, 42).

In contrast, no significant change in ANC was observed after six or 12 months of therapy. This finding revealed that ANC returned to baseline after six months of therapy. The rapid recovery of neutrophils may be related to their quick regeneration capacity compared with those of other TLCs (18).Surprisingly, a decrease in the PLT count was observed at the last follow-up period and after one, three, six and 12 months of therapy compared with baseline. These findings suggest that RAI therapy has a persistent effect on the PLT. The possible reason for the persistent decrease in the PLT after therapy could be associated with vital organ damage, apoptosis, and genetic alterations (15, 20, 21). Another mechanism for the persistent decrease in the PLT count may be direct damage to megakaryocytes and their progenitors by radioisotopes (19).

With respect to RBC and Hgb, statistically significant changes were found after three and six months of therapy, respectively, compared to pre-treatment level. A possible explanation for the decreased RBC and Hgb after three and six months of therapy could be related to the timing of RBC maturation and bone marrow suppression; hence, the time taken for RBC maturation and bone marrow suppression is greater than 2 months after therapy (43–45). Although RIA therapy suppressed bone marrow, damaged other vital organs involved in erythropoiesis, and induced oxidative stress in RBCs, it had no short-term effect on RBC count or Hgb concentration (14, 19, 26, 27). During the other follow-up periods, the changes in RBC counts and Hgb counts were not statistically significant. This indicated that the effects of the RAI on RBCs and their parameters are minimal.

Significant heterogeneity was observed in the current meta-analysis. The possible explanations for high heterogeneity could be variability in sample size, electronic cell counters, the histology and the stage of TC, the target population and the study design. Accordingly, subgroup analysis was conducted to identify possible sources of heterogeneity. The subgroup analysis conducted on the basis of the TC stage revealed that the SMDs of Hgb, TLC, and PLTs were greater in studies that included patients with all stages of TC than in studies that included patients with only stages I and II. This may be related to the principle that more advanced disease is treated with higher activities of RAI. The observed high change in blood parameters in studies conducted with all stages may be related to the inclusion of advanced cases and does provided compared with stage I and II to activity (37, 46–48).

Subgroup analysis on the basis of the histology of TC also revealed that in studies that included all TC histology, the changes in Hgb, TLC, ANC, ALC, and PLT counts were greater after treatment than at baseline. This might be explained by variability in tumor biology; studies conducted in all stages may include more aggressive types of TC that induce the production of more proinflammatory factors (49). However, changes in TLC and Hgb were greater after RAI therapy in studies that included only papillary and follicular TC histology compared to those that included all histologies. This could also be attributed to variability in the avidity of RAI therapy depending on the type of TC. Classic subtypes of papillary TC, Follicular subtypes of papillary TC, and Follicular TC exhibit higher avidity, thereby prolonging the effective half-life of radioiodine, which could explain the more pronounced changes in hematological parameters (50, 51). Besides, the inclusion of all TC histologies may dilute the effect of RIA, leading to reduced changes in TLC and Hgb.





Strengths and limitations

The current systematic review and meta-analysis was relatively comprehensive and assessed the effects of RAI therapy on hematological parameters at different periods of time, including major parameters. Additionally, articles were extensively searched, and only high-quality records were included in the meta-analysis. On the other hand, the majority of the studies included in this review were retrospective, which may affect the outcome and hinder the representativeness of the findings. Owing to a lack of data, some hematological parameters were not included in the analysis. Furthermore, owing to the variability in the RAI activity given to participants from the study, its effects on outcome variables were not assessed.





Conclusion and recommendations

The total leucocyte count significantly decreased after one, three and six months of RAI therapy. Comparatively, the RAI was found to have a major effect on decreases in ANC and ALC. In addition, across all the follow-up periods included in the meta-analysis, a significant decrease in the PLT was observed. Furthermore, statistically significant changes in RBC and Hgb were observed only after three and six months of therapy, respectively. In general, this review revealed considerable changes in hematological parameters following RAI therapy in TC patients. These findings indicate that following RAI therapy, TC patients are at high risk for anemia, infection and bleeding. Thus, periodic screening and early management of hematological toxicity are very important to reduce further complications and improve the quality of life of patients.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Author contributions

DB: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. BT: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. NC: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. MT: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. ZA: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. AA: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. AT: Writing – original draft, Writing – review & editing. EC: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. ZM: Data curation, Formal Analysis, Methodology, Project administration, Software, Supervision, Writing – original draft, Writing – review & editing. MW: Formal Analysis, Investigation, Methodology, Project administration, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1562851/full#supplementary-material





Abbreviations

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CI, confidence interval; Hgb, hemoglobin; JBI, Joanna Briggs Institute; PICO, population, intervention, comparator or control and outcome of interest; PLT, platelet; PRISMA, preferred reporting items for systematic review and meta-analysis protocols; RBCs, red blood cells; RIA, radioactive iodine therapy; SD, standard devotion; TC, thyroid cancer; TLC, total leucocyte count; SMD, standard mean difference.




References

1. Boucai, L, Zafereo, M, and Cabanillas, ME. Thyroid cancer: a review. JAMA. (2024) 331:425–35. doi: 10.1001/jama.2023.26348

2. Yang, L, Ma, J, Lei, P, Yi, J, Ma, Y, Huang, Z, et al. Advances in antioxidant applications for combating 131I side effects in thyroid cancer treatment. Toxics. (2023) 11:529. doi: 10.3390/toxics11060529

3. Lyu, Z, Zhang, Y, Sheng, C, Huang, Y, Zhang, Q, and Chen, K. Global burden of thyroid cancer in 2022: Incidence and mortality estimates from GLOBOCAN. Chin Med J. (2024) 137:2567–76. doi: 10.1097/CM9.0000000000003284

4. Zhao, Q, Chen, M, Fu, L, Yang, Y, and Zhan, Y. Assessing and projecting the global burden of thyroid cancer, 1990–2030: Analysis of the Global Burden of Disease Study. J Global Health. (2024) 14. doi: 10.7189/jogh.14.04090

5. Bellini, P, Dondi, F, Gatta, E, Zilioli, V, Albano, D, Cappelli, C, et al. Prognostic role and characteristics of the indeterminate response in differentiated thyroid cancer: a systematic review. Endocrine. (2024) 84:1–10. doi: 10.1007/s12020-024-03688-5

6. Kristollari, K, Paul, AA, Angel, S, and Marks, RS. Conventional and emerging diagnostic approaches for differentiated thyroid carcinoma. Chemosensors. (2024) 12:229. doi: 10.3390/chemosensors12110229

7. Zhang, L, Feng, Q, Wang, J, Tan, Z, Li, Q, and Ge, M. Molecular basis and targeted therapy in thyroid cancer: Progress and opportunities. Biochim Biophys Acta (BBA)-Reviews Cancer. (2023) 1878:188928. doi: 10.1016/j.bbcan.2023.188928

8. Schlumberger, M, and Leboulleux, S. Current practice in patients with differentiated thyroid cancer. Nat Rev Endocrinol. (2021) 17:176–88. doi: 10.1038/s41574-020-00448-z

9. NC Nguyen, EM Anigati, NB Desai, and OK Öz eds. Radioactive iodine therapy in differentiated thyroid cancer: an update on dose recommendations and risk of secondary primary Malignancies. In: Seminars in Nuclear Medicine. Elsevier. doi: 10.1053/j.semnuclmed.2024.05.002

10. Raue, F, and Frank-Raue, K. Thyroid cancer: risk-stratified management and individualized therapy. Clin Cancer Res. (2016) 22:5012–21. doi: 10.1158/1078-0432.CCR-16-0484

11. van Houten, P, Netea-Maier, RT, and Smit, JW. Differentiated thyroid carcinoma: an update. Best Pract Res Clin Endocrinol Metab. (2023) 37:101687. doi: 10.1016/j.beem.2022.101687

12. Luster, M, Clarke, S, Dietlein, M, Lassmann, M, Lind, P, Oyen, W, et al. Guidelines for radioiodine therapy of differentiated thyroid cancer. Eur J Nucl Med Mol imaging. (2008) 35:1941–59. doi: 10.1007/s00259-008-0883-1

13. Alshwayyat, S, Al-Akhras, A, Ghazou, A, Alshwayyat, TA, Ababneh, O, and Alawneh, A. Assessing radioiodine therapy long-term outcomes in differentiated thyroid cancer using nomograms. Sci Rep. (2024) 14:23349. doi: 10.1038/s41598-024-72002-0

14. Fard-Esfahani, A, Emami-Ardekani, A, Fallahi, B, Fard-Esfahani, P, Beiki, D, Hassanzadeh-Rad, A, et al. Adverse effects of radioactive iodine-131 treatment for differentiated thyroid carcinoma. Nucl Med Commun. (2014) 35:808–17. doi: 10.1097/MNM.0000000000000132

15. Albano, D, Bertagna, F, Panarotto, MB, and Giubbini, R. Early and late adverse effects of radioiodine for pediatric differentiated thyroid cancer. Pediatr Blood cancer. (2017) 64:e26595. doi: 10.1002/pbc.v64.11

16. Lee, SL. Complications of radioactive iodine treatment of thyroid carcinoma. J Natl Compr Cancer Network. (2010) 8:1277–87. doi: 10.6004/jnccn.2010.0094

17. Klubo-Gwiezdzinska, J, Burman, KD, Van Nostrand, D, Mete, M, Jonklaas, J, and Wartofsky, L. Radioiodine treatment of metastatic thyroid cancer: relative efficacy and side effect profile of preparation by thyroid hormone withdrawal versus recombinant human thyrotropin. Thyroid. (2012) 22:310–7. doi: 10.1089/thy.2011.0235

18. Demir, AN, Kara, Z, Sulu, C, Uysal, S, Zulfaliyeva, G, Atar, OA, et al. The effect of radioiodine therapy on blood cell count in patients with differentiated thyroid cancer. Hormones. (2023) 22:595–602. doi: 10.1007/s42000-023-00479-x

19. Monzen, S, Mariya, Y, Wojcik, A, Kawamura, C, Nakamura, A, Chiba, M, et al. Predictive factors of cytotoxic damage in radioactive iodine treatment of differentiated thyroid cancer patients. Mol Clin Oncol. (2015) 3:692–8. doi: 10.3892/mco.2015.499

20. Dainiak, N, Waselenko, JK, Armitage, JO, MacVittie, TJ, and Farese, AM. The hematologist and radiation casualties. ASH Educ Program Book. (2003) 2003:473–96. doi: 10.1182/asheducation-2003.1.473

21. Boucai, L, Ptashkin, RN, Levine, RL, and Fagin, JA. Effects of radioactive iodine on clonal hematopoiesis in patients with thyroid cancer: A prospective study. Clin Endocrinol. (2023) 99:122–9. doi: 10.1111/cen.14925

22. Hesselink, EK, and Links, T. Radioiodine treatment and thyroid hormone suppression therapy for differentiated thyroid carcinoma: adverse effects support the trend toward less aggressive treatment for low-risk patients. Eur Thyroid J. (2015) 4:82–92. doi: 10.1159/000432397

23. Lee, Y, Chung, C-H, Lin, L-F, Chiu, C-H, Chen, Y-F, Chang, C-F, et al. Radioactive iodine treatment for thyroid cancer patients increases the risk of long-term gastrointestinal disorders: A nationwide population-based cohort analysis. Cancers. (2022) 14:2505. doi: 10.3390/cancers14102505

24. Yumusak, N, Sadic, M, Akbulut, A, Aydinbelge, F, Koca, G, and Korkmaz, M. Beneficial effects of vitamin E on radioiodine induced gastrointestinal damage: an experimental and pathomorphological study. Bratislava Med Journal/Bratislavske Lekarske Listy. (2019) 120. doi: 10.4149/BLL_2019_048

25. Aktoz, T, Durmus-Altun, G, Usta, U, Torun, N, Ergulen, A, and Atakan, I. Radioiodine-induced kidney damage and protective effect of amifostine: An experimental study. Hippokratia. (2012) 16:40.

26. Perlman, JA, and Sternthal, PM. Effect of 131I on the anemia of hyperthyroidism. J Chronic Diseases. (1983) 36:405–12. doi: 10.1016/0021-9681(83)90173-X

27. Harrison, LB, Shasha, D, and Homel, P. Prevalence of anemia in cancer patients undergoing radiotherapy: prognostic significance and treatment. Oncology. (2002) 63:11–8. doi: 10.1159/000067147

28. Maia, GAS, de Oliveira Renó, C, Medina, JM, da Silveira, AB, Mignaco, JA, Atella, GC, et al. The effect of gamma radiation on the lipid profile of irradiated red blood cells. Ann hematol. (2014) 93:753–60. doi: 10.1007/s00277-013-1944-5

29. Liu, H, Chen, Q, Liu, B, Wang, J, Chen, C, and Sun, S. Blood profiles in the prediction of radioiodine refractory papillary thyroid cancer: A case–control study. J Multidiscip Healthcare. (2023) 16:535–46. doi: 10.2147/JMDH.S403045

30. Siegel, JA, Yeldell, D, Goldenberg, DM, Stabin, MG, Sparks, RB, Sharkey, RM, et al. Red marrow radiation dose adjustment using plasma FLT3-L cytokine levels: improved correlations between hematologic toxicity and bone marrow dose for radioimmunotherapy patients. J Nucl Med. (2003) 44:67–76.

31. Vrndic, O, Milošević-Đorđević, O, Djurdjevic, P, Jovanovic, D, Mijatovic Teodorovic, L, Jeftic, I, et al. Radioiodine therapy accelerates apoptosis in peripheral blood lymphocytes of patients with differentiated thyroid cancer. (2013). doi: 10.4149/neo_2013_074

32. Eberlein, U, Scherthan, H, Bluemel, C, Peper, M, Lapa, C, Buck, AK, et al. DNA damage in peripheral blood lymphocytes of thyroid cancer patients after radioiodine therapy. J Nucl Med. (2016) 57:173–9. doi: 10.2967/jnumed.115.164814

33. Joseph, LJ, Bhartiya, US, Raut, YS, Kand, P, Hawaldar, RW, and Nair, N. Micronuclei frequency in peripheral blood lymphocytes of thyroid cancer patients after radioiodine therapy and its relationship with metastasis. Mutat Research/Genetic Toxicol Environ Mutagenesis. (2009) 675:35–40. doi: 10.1016/j.mrgentox.2009.02.004

34. Sahutoglu, G, Çetin, S, and Atilgan, H. The effect of I-131 treatment on complete blood count. Atom Indonesia. (2024) 50. doi: 10.55981/aij.2024.1381

35. Yi, W, Kim, BH, Kim, M, Ryang, SR, Jang, MH, Kim, JM, et al. Short-term bone marrow suppression in differentiated thyroid cancer patients after radioactive iodine treatment. Endocrine J. (2020) 67:1193–8. doi: 10.1507/endocrj.EJ20-0242

36. Rui, Z, Wu, R, Zheng, W, Wang, X, Meng, Z, and Tan, J. Effect of 131I therapy on complete blood count in patients with differentiated thyroid cancer. Med Sci monitor. (2021) 27:e929590–1. doi: 10.12659/MSM.929590

37. Sönmez, B, Bektaş, Ö, Erkut, N, and Sönmez, M. Assessment of long-term hematologic effects in differentiated thyroid cancer patients treated with radioactive iodine. Turkish J Hematol. (2021) 38:306.

38. Moher, D, Shamseer, L, Clarke, M, Ghersi, D, Liberati, A, Petticrew, M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic Rev. (2015) 4:1–9. doi: 10.1186/2046-4053-4-1

39. Moola, S, Munn, Z, Tufanaru, C, Aromataris, E, Sears, K, Sfetcu, R, et al. Systematic reviews of etiology and risk. In: Joanna Briggs Institute reviewer’s manual, vol. 5. The Joanna Briggs Institute Adelaide, Australia (2017). p. 217–69.

40. Bikas, A, Schneider, M, Desale, S, Atkins, F, Mete, M, Burman, KD, et al. Effects of dosimetrically guided I-131 therapy on hematopoiesis in patients with differentiated thyroid cancer. J Clin Endocrinol Metab. (2016) 101:1762–9. doi: 10.1210/jc.2015-3544

41. Vrndic, OB, Djurdjevic, PM, Jovanovic, DD, Mijatovic Teodorovic, LC, Kostic, IR, Jeftic, ID, et al. Blood cells in thyroid cancer patients: a possible influence of apoptosis. Open Med. (2016) 11:87–92. doi: 10.1515/med-2016-0017

42. Riley, AS, McKenzie, GA, Green, V, Schettino, G, England, RJA, and Greenman, J. The effect of radioiodine treatment on the diseased thyroid gland. Int J Radiat Biol. (2019) 95:1718–27. doi: 10.1080/09553002.2019.1665206

43. Dong, P, Wang, L, Huang, R, and Li, L. Bone marrow suppression in pediatric patients with differentiated thyroid cancer following empirical radioiodine therapy. Medicine. (2020) 99:e21398. doi: 10.1097/MD.0000000000021398

44. Verburg, FA, Hänscheid, H, Biko, J, Hategan, MC, Lassmann, M, Kreissl, MC, et al. Dosimetry-guided high-activity 131 I therapy in patients with advanced differentiated thyroid carcinoma: initial experience. Eur J Nucl Med Mol imaging. (2010) 37:896–903. doi: 10.1007/s00259-009-1303-x

45. Sengoz, T, Kilic-Toprak, E, Yaylali, O, Kilic-Erkek, O, Ozdemir, Y, Oymak, B, et al. Hemorheology and oxidative stress in patients with differentiated thyroid cancer following I-131 ablation/metastasis treatment. Clin Hemorheol Microcirculation. (2020) 74:209–21. doi: 10.3233/CH-190717

46. Duskin-Bitan, H, Leibner, A, Amitai, O, Diker-Cohen, T, Hirsch, D, Benbassat, C, et al. Bone-marrow suppression in elderly patients following empiric radioiodine therapy: real-life data. Thyroid. (2019) 29:683–91. doi: 10.1089/thy.2018.0423

47. Hu, T, Meng, Z, Zhang, G, Jia, Q, Tan, J, Zheng, W, et al. Influence of the first radioactive iodine ablation on peripheral complete blood count in patients with differentiated thyroid cancer. Medicine. (2016) 95:e4451. doi: 10.1097/MD.0000000000004451

48. Molinaro, E, Leboeuf, R, Shue, B, Martorella, AJ, Fleisher, M, Larson, S, et al. Mild decreases in white blood cell and platelet counts are present one year after radioactive iodine remnant ablation. Thyroid. (2009) 19:1035–41. doi: 10.1089/thy.2008.0430

49. Janjua, N, and Wreesmann, VB. Aggressive differentiated thyroid cancer. Eur J Surg Oncol. (2018) 44:367–77. doi: 10.1016/j.ejso.2017.09.019

50. Manzil, FFP, and Kaur, H. Radioactive Iodine Therapy for Thyroid Malignancies. StatPearls (2024). Available online at: https://europepmc.org/books/n/statpearls/article-140304/?extid=30726034&src=med.

51. Zhang, J, and Xu, S. High aggressiveness of papillary thyroid cancer: from clinical evidence to regulatory cellular networks. Cell Death Discovery. (2024) 10:378. doi: 10.1038/s41420-024-02157-2

52. de Keizer, B, Hoekstra, A, Konijnenberg, MW, de Vos, F, Lambert, B, van Rijk, PP, et al. Bone marrow dosimetry and safety of high 131I activities given after recombinant human thyroid-stimulating hormone to treat metastatic differentiated thyroid cancer. J Nucl Med. (2004) 45:1549–54.

53. Padovani, RP, Tuttle, RM, Grewal, R, Larson, SM, and Boucai, L. Complete blood counts are frequently abnormal 1 year after dosimetry-guided radioactive iodine therapy for metastatic thyroid cancer. Endocrine Pract. (2014) 20:213–20. doi: 10.4158/EP13172.OR

54. Prinsen, HT, Klein Hesselink, EN, Brouwers, AH, Plukker, JT, Sluiter, WJ, van-der-Horst-Schrivers, AN, et al. Bone marrow function after 131I therapy in patients with differentiated thyroid carcinoma. J Clin Endocrinol Metab. (2015) 100:3911–7. doi: 10.1210/jc.2015-2124

55. Sönmez, B, Doğan, İ, Yavruoğlu, C, Can, G, and Sönmez, M. Radyoaktif iyot tedavisi alan tiroid kanserli hastalarda tam kan sayımı değişiklikleri. (2010).

56. Soyluoglu, S, Andac, B, Korkmaz, U, and Ustun, F. Assessment of three different radioiodine doses for ablation therapy of thyroid remnants: Efficiency, complications and patient comfort. Medicine. (2023) 102:e35339. doi: 10.1097/MD.0000000000035339




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Berta, Teketelew, Cherie, Tamir, Abriham, Ayele Angelo, Tarekegne, Chane, Mulatie and Walle. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Effect of radioactive iodine therapy on hematological parameters in patients with thyroid cancer: systematic review and meta-analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Systematic Review Registration

        



        		

          Introduction

        



        		

          Methods

        

          		

            Protocol registration and design

          



          		

            Eligibility criteria

          

            		

              Inclusion and exclusion criteria

            



          



          



          		

            Database and search strategies

          



          		

            Study selection procedure

          



          		

            Study quality assessment

          



          		

            Data extraction

          



          		

            Outcome of interest

          



          		

            Data synthesis and analysis

          



        



        



        		

          Results

        

          		

            Selection and identification of studies

          



          		

            Characteristics of the included studies

          



          		

            Quality and heterogeneity

          



          		

            Pooled estimated mean differences in hematological parameters after RAI therapy in thyroid cancer patients

          

            		

              Effect of RAI therapy on RBCs and their parameters in thyroid cancer patients

            



            		

              Effect of RAI therapy on TLCs and their differential effects in thyroid cancer patients

            



            		

              Effect of RAI therapy on PLTs in thyroid cancer patients

            



          



          



          		

            Subgroup analysis

          



          		

            Sensitivity analysis

          



          		

            Publication bias

          



          		

            Trim and fill analysis

          



        



        



        		

          Discussion

        



        		

          Strengths and limitations

        



        		

          Conclusion and recommendations

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1562851-g003.jpg
SMD Weight

Study with 95% CI (%)
Hgb after 3months of therapy

Demir et al I 572 5.29, 6.15] 2.39
Duskin-Bitan et al 424 3.79, 4.70] 2.39
Dong et al 1.28[ 0.96, 1.60] 2.39
Prinsen et al [ | -1.64[ -1.82, -1.47] 2.39
Heterogeneity: T° = 10.65, I° = 99.75%, H® = 407.38 2.40[ -0.81, 5.60]

Test of 8 = 6;: Q(3) = 1416.86, p = 0.00

Hgb after 6months of therapy

Bikas et al 0.08[ -0.29, 0.44] 2.39
Duskin-Bitan et al [ | 8.86[ 8.03, 9.69] 2.39
Hu et al [ | -3.81[ -4.09, -3.53] 2.39
Prinsen et al 2.96[ 2.74, 3.18] 2.39
Rui et al [ | 243 [ -2.59, -2.28] 2.39
Sahutoglu et al 478 4.23, 5.34] 2.39
Sengoz et al [ | -11.09[-13.10, -9.07] 2.37
Sénmez et al 216 [ 1.89, 2.43] 2.39
Yi et al 1 556 5.11, 6.00] 2.39
Heterogeneity: 7° = 34.45, |1> = 99.93%, H® = 1345.25 0.82[ -3.02, 4.66]

Test of 8 = 6;: Q(8) = 4022.58, p = 0.00

Hgb after a months of therapy

Bikas et al 6.75[ 5.98, 7.52] 2.39
Hu et al -11.31[ -11.99, -10.64] 2.39
Padovani et al 7.81[ 5.99, 9.63] 2.37
Sahutoglu et al —l- 61.57[ 55.44, 67.71] 2.19
Sénmez et al 2.53[ 2.24, 2.83] 2.39
Soyluoglu et al 824 7.42, 9.06] 2.39
Heterogeneity: 7° = 616.40, I = 99.98%, H” = 4255.62 12.47 [ -7.42, 32.37]

Test of 8 = 6;: Q(5) = 2287.72, p = 0.00

Hgb after a year of therapy

Bikas et al 0.19[ -0.17, 0.55] 2.39
Demir et al 441 4.06, 4.75] 2.39
Duskin-Bitan et al 8.35[ 7.57, 9.13] 2.39
Molinaro et al [ | -17.15[ -18.33, -15.96] 2.38
Padovani et al 2.46 [ 1.64, 3.28] 2.39
Prinsen et al 5.30[ 4.97, 5.62] 2.39
Sénmez et al 0.57[ 0.35, 0.79] 2.39
Yi et al [ -9.83[ -10.56, -9.10] 2.39
Heterogeneity: T° = 72.50, I = 99.94%, H® = 1565.77 -0.70[ -6.61, 5.20]

Test of 8 = 6;; Q(7) = 3092.10, p = 0.00

Hgb at last follow up period

Bikas et al 0.23[ -0.13, 0.59] 2.39
Demir et al 441 4.18, 4.64] 2.39
Duskin-Bitan et al 3.28[ 2.98, 3.57] 2.39
Dong et al 0.90[ 0.61, 1.20] 2.39
Hu et al [ | -269[ -2.88, -2.51] 2.39
Molinaro et al 1.16 [ -2.10, 4.43] 2.33
Padovani et al 1.01 [ 0.36, 1.65] 2.39
Prinsen et al 1.35[ 1.20, 1.51] 2.39
Rui et al [ | -1.72[ -1.84, -1.60] 2.39
Sahutoglu et al 3.38[ 3.04, 3.72] 2.39
Sengoz et al [ -7.84[ -9.31, -6.37] 2.38
Sénmez et al 3.63[ 3.55, 3.71]1 2.39
Sénmez et al 0.24[ 0.02, 0.45] 2.39
Soyluoglu et al 0.68[ 0.41, 0.95] 2.39
Yi et al [ -4.02[ -4.27, -3.78] 2.39
Heterogeneity: T° = 10.20, I° = 99.89%, H® = 919.83 0.28[ -1.35, 1.91]

Test of 6§ = 6;: Q(14) = 10692.91, p = 0.00

Overall 2.04[ -1.08, 5.16]

2
1

Heterogeneity: T° = 105.98, I° = 99.98%, H® = 5740.66
Test of 68 = 6;: Q(41) = 22380.69, p = 0.00

Test of group differences: Q,(4) = 2.89, p = 0.58

Random-effects REML model
Sorted by: _meta_id





OEBPS/Images/fendo-16-1562851-g001.jpg
S Total articles 1dentified through searching data base and gray literature

S

E:é Articles 1dentified form data Articles 1dentified form another source
< base (332) (n=15)

Record left after duplicates removed
(n=333)

Screening

Record screened (n=333) Total articles excluded (n=298)
Title and/or abstract screening (n=295)

No full text (n=3)

Full articles excluded (n=18)
Incomplete outcome data (n=1)
Non-follow up data (n=1)
Animal study (n=1)

Not report mean and SD (n=5)

Full text articles screened for
eligibility (n=35)

>
=
=
=
L]

Inclusion of other complication (n=1)

Out of target case (n=9)

Included

Final articles included analysis (n=17)

6 articles 15 articles 16 articles 6 articles 9 articles 16 articles
reported RBC reported Hgb reported TLC reported ANC || reported ALC reported Plt





OEBPS/Images/fendo.2025.1562851_cover.jpg
, frontiers | Frontiersin Endocrinology

Effect of radioactive iodine therapy
on hematological parameters in
patients with thyroid cancer:
systematic review and meta-analysis





OEBPS/Images/fendo-16-1562851-g005.jpg
SMD Weight

Study with 95% CI (%)
ALC after amonth of therapy
Bikas et al [ | 0.04[ -0.32, 0.40] 3.03
Hu et al 1.06[ 0.89, 1.23] 3.03
Heterogeneity: T° = 0.50, I° = 95.96%, H° = 24.78 0.56[ -0.44, 1.56]
Testof @ = 6;: Q(1) = 24.78, p = 0.00
ALC after 3months of therapy
Demir et al 2.67[ 2.40, 2.94] 3.03
Dong et al 0.47[ 0.17, 0.76] 3.03
Heterogeneity: 1° = 2.40, I = 99.13%, H® = 114.79 1.57 [ -0.59, 3.73]
Testof@ =6; Q(1) = 114.79, p = 0.00
ALC after 6months of therapy
Bikas et al [ | 0.06[ -0.29, 0.42] 3.03
Hu et al 1.69[ 1.50, 1.88] 3.03
Rui et al 2.78[ 2.59, 2.97] 3.03
Sahutoglu et al 1.09[ 0.78, 1.39] 3.03
Yi et al 1.31[ 1.11, 1.52] 3.03
Heterogeneity: 1° = 0.95, I° = 98.56%, H° = 69.45 1.39[ 0.53, 2.25]
Test of @ = 6;: Q(4) = 235.23, p = 0.00
ALC after a year of therapy
Bikas et al [ | 0.09[ -0.27, 0.45] 3.03
Demir et al 2.32[ 2.08, 2.56] 3.03
Yi et al 1.24[ 0.88, 1.61] 3.03
Heterogeneity: 1° = 1.22, I = 97.89%, H° = 47.40 1.22[ -0.04, 2.49]
Testof @ = 6;: Q(2) = 105.04, p = 0.00
ALC at last follow up period
Bikas et al [ | 0.29[ -0.07, 0.66] 3.03
Demir et al 1.93[ 1.71, 2.15] 3.03
Dong et al = 0.47[ 0.17, 0.76] 3.03
Hu et al 1.69[ 1.49, 1.89] 3.03
Rui et al 2.78[ 2.61, 2.95] 3.03
Sahutoglu et al 1.09[ 0.79, 1.39] 3.03
Sénmez et al Bl4as.55[ 45.32, 47.77] 3.02
Yi et al 424 3.88, 4.61] 3.03
Heterogeneity: 7° = 251.47, I° = 99.99%, H® = 13414.78 7.37 [ -3.62, 18.36]
Testof @ = 6;: Q(7) = 5514.17, p = 0.00
ANC after 3amonths of therapy
Bikas et al [ | 0.09[ -0.27, 0.46] 3.03
Hu et al 1.81[ 1.66, 1.95] 3.03
Heterogeneity: 1° = 1.45, I° = 98.63%, H° = 73.22 0.96[ -0.72, 2.64]
Testof @ = 6;: Q(1) = 73.22, p = 0.00
ANC after 6months of therapy
Bikas et al [ | 0.14[ -0.23, 0.50] 3.03
Hu et al [ | 7.82[ 7.29, 8.34] 3.03
Yi et al [ | -8.86[ -9.52, -8.20] 3.03
Heterogeneity: 7° = 69.55, I° = 99.91%, H° = 1056.06 -0.30 [ -9.74, 9.14]
Testof @ = 6;: Q(2) = 1522.65, p = 0.00
ANC after a year of therapy
Bikas et al [ | 0.13[ -0.23, 0.49] 3.03
Demir et al 549 5.09, 5.89] 3.03
Yi et al [ | -8.49[ -9.12, -7.85] 3.03
Heterogeneity: 1° = 49.61, 17 = 99.89%, H® = 946.39 -0.95[ -8.93, 7.02]
Testof @ = 6;: Q(2) = 1346.51, p = 0.00
ANC at last follow up period
Bikas et al 1.65[ 1.25, 2.05] 3.03
Demir et al - 13.93 [ 13.00, 14.86] 3.02
Hu et al [ | 7.82[ 7.33, 8.30] 3.03
Sénmez et al [ | 16.68 [ 16.23, 17.12] 3.03
Yi et al [ | -8.49[ -9.12, -7.85] 3.03
Heterogeneity: 7° = 102.00, I7 = 99.93%, H® = 1425.59 6.32[ -2.54, 15.17]
Testof @ = 6;: Q(4) = 4973.23, p = 0.00
Overall 3.13 [ -0.02, 6.29]
Heterogeneity: 1° = 85.61, 1”7 = 99.98%, H° = 4088.97
Testof @ = 6;: Q(32) = 15833.15, p = 0.00
Test of group differences: Q,(8) = 4.72, p = 0.79
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PLTs after a month of therapy

Bikas et al [ 0.06 [ -0.30, 0.42] 2.38
Demir et al [ | 31.14 [ 30.96, 31.33] 2.38
Hu et al [ ] 1.43[ 1.26, 1.60] 2.38
Sénmez et al [ ] 1.54[ 1.31, 1.76] 2.38
Soyluoglu et al [ 0.88[ 061, 1.16] 2.38
Heterogeneity: 7° = 182.30, I = 99.99%, H® = 13781.08 7.01[ -4.82, 18.85]

Test of 8 = 6;: Q(4) = 72449.55, p = 0.00

PLTs after 3months of therapy

de Keizer et al [ 0.35[ -0.40, 1.10] 2.38
Duskin-Bitan et al [ ] 0.28[ 0.03, 0.54] 2.38
Dong et al [ 0.26[ -0.03, 0.55] 2.38
Prinsen et al | 0.19[ 0.04, 0.34] 2.38
Yi et al [ ] 0.21[ 0.01, 0.41] 2.38
Heterogeneity: T° = 0.00, I° = 0.00%, H® = 1.00 ‘ 0.22[ 0.12, 0.32]
Testof g =6;: Q(4) = 0.58, p = 0.96

PLTs after 6months of therapy

Bikas et al = 0.08[ -0.29, 0.44] 2.38
Demir et al [ -3.71[ -4.02, -3.41] 2.38
Duskin-Bitan et al = 1.67[ 1.38, 1.96] 2.38
Hu et al 7.14[ 6.70, 7.59] 2.38
Prinsen et al [ | 049 [ 0.34, 0.65] 2.38
Rui et al B 5367[51.41, 55.93] 2.36
Sahutoglu et al [ 1.67[ 1.34, 2.00] 2.38
Sénmez et al [ 1.97[ 1.71, 2.24] 2.38
Yi et al [ 1.70[ 1.47, 1.94] 2.38
Heterogeneity: 7° = 309.45, I = 99.99%, H® = 14299.17 7.16 [ -4.33, 18.66]

Test of 8 = 6;: Q(8) = 3920.83, p = 0.00

PLTs after a year of therapy

Bikas et al — 0.10[ -0.26, 0.47] 2.38
Duskin-Bitan et al 3.92[ 3.49, 4.35] 2.38
Molinaro et al [ ] 2.12[ 1.88, 2.36] 2.38
Padovani et al [ | 0.96[ 0.30, 1.61] 2.38
Prinsen et al 1 047 [ 0.32, 0.63] 2.38
Sénmez et al - 1.56[ 1.31, 1.80] 2.38
Yi et al - 9.36[ 8.67, 10.06] 2.38
Heterogeneity: 7° = 10.22, I° = 99.77%, H® = 438.30 ’ 263[ 0.26, 5.01]

Test of 8 = 6;: Q(6) = 858.02, p = 0.00

PLTs at last follow up period

Bikas et al = 0.17 [ -0.20, 0.53] 2.38
de Keizer et al 549 3.87, 7.10] 2.37
Demir et al [ | 31.14 [ 29.10, 33.18] 2.37
Duskin-Bitan et al [ 11.85[10.77, 12.93] 2.38
Dong et al 3.85[ 3.36, 4.34] 2.38
Hu et al 7.14[ 6.70, 7.59] 2.38
Molinaro et al [ ] 2.12[ 1.88, 2.36] 2.38
Padovani et al [ 0.96[ 0.30, 1.61] 2.38
Prinsen et al ] 0.56[ 0.41, 0.72] 2.38
Rui et al B 5367[51.41, 5593] 2.36
Sahutoglu et al [ 1.67[ 1.34, 2.00] 2.38
Sénmez et al [ ] 13.30[ 12.95, 13.66] 2.38
Sénmez et al H 1.56[ 1.31, 1.80] 2.38
Soyluoglu et al [ 0.88[ 0.60, 1.17] 2.38
Vrndic et al ] 0.19[ -0.37, 0.76] 2.38
Yi et al ] 9.36[ 8.67, 10.06] 2.38
Heterogeneity: 1° = 202.70, I = 99.98%, H” = 5705.10 8.97[ 1.99, 15.95]

Test of 8 = 6;: Q(15) = 8400.73, p = 0.00

Overall 6.25[ 2.39, 10.11]

Heterogeneity: T° = 162.90, I° = 99.99%, H® = 7914.75
Test of 8 = 6;: Q(41) = 108986.55, p = 0.00

Test of group differences: Q,(4) = 12.64, p = 0.01

Random-effects REML model
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SMD Weight

Study with 95% CiI (%)
TLC after 3months of therapy

Demir et al [ | 510 4.68, 5.53] 2.38
Duskin-Bitan et al 1.73[ 1.42, 2.03] 2.38
Dong et al 1.20[ 0.87, 1.52] 2.38
Prinsen et al 1.83 [ 1.64, 2.02] 2.38
Heterogeneity: 7° = 3.12, I = 99.28%, H° = 139.10 246 0.72, 4.20]

Test of 8 = 6;; Q(3) = 232.55, p = 0.00

TLC after 6months of therapy

Bikas et al 0.08[ -0.29, 0.44] 2.38
Duskin-Bitan et al 2.30[ 1.98, 2.62] 2.38
Hu et al 1.40[ 1.21, 1.59] 2.38
Prinsen et al 1.24 [ 1.07, 1.41] 2.38
Rui et al [ ] 9.21[ 8.80, 9.62] 2.38
Sahutoglu et al 1.11[ 0.80, 1.41] 2.38
Sengoz et al 1.56[ 0.99, 2.13] 2.38
Sénmez et al 0.08[ -0.14, 0.29] 2.38
Yi et al B 356.01[ 33.43, 38.58] 2.31
Heterogeneity: 7° = 132.55, I° = 99.98%, H® = 6342.62 584 -1.68, 13.37]

Test of 6 = 6;: Q(8) = 2343.86, p = 0.00

TLC after a month of therapy

Bikas et al 0.05[ -0.31, 0.41] 2.38
Hu et al 3.99[ 3.82, 4.16] 2.38
Sengoz et al 2.75[ 2.25, 3.25] 2.38
Sénmez et al 0.68[ 0.27, 1.08] 2.38
Soyluoglu et al 4.47[ 4.20, 4.74] 2.38
Heterogeneity: 7° = 3.84, I = 99.37%, H° = 159.85 2.39[ 0.67, 4.12]

Test of 8 = 6;; Q(4) = 606.28, p = 0.00

TLC after a year of therapy

Bikas et al 0.08 [ -0.08, 0.25] 2.38
Demir et al 2.30[ 2.06, 2.54] 2.38
Duskin-Bitan et al 3.72[ 3.31, 4.14] 2.38
Molinaro et al 1.99[ 1.75, 2.22] 2.38
Padovani et al 1.65 [ 0.93, 2.37] 2.38
Prinsen et al 4. 72 [ 4.43, 5.02] 2.38
Sénmez et al 0.17 [ -0.05, 0.39] 2.38
Yi et al [ 10.98 [ 10.17, 11.79] 2.38
Heterogeneity: 7° = 12.18, I’ = 99.84%, H” = 609.04 3.19[ 0.77, 5.61]

Test of 8 = 6;; Q(7) = 1573.06, p = 0.00

TLC at last follow up period

Bikas et al 1.63[ 1.23, 2.03] 2.38
Demir et al [ ] 8.10[ 7.54, 8.66] 2.38
Duskin-Bitan et al 2.20[ 1.88, 2.52] 2.38
Dong et al 1.20[ 0.88, 1.51] 2.38
Hu et al 1.40[ 1.21, 1.59] 2.38
Molinaro et al 1.99[ 1.75, 2.22] 2.38
Padovani et al 1.65[ 0.93, 2.37] 2.38
Prinsen et al [ | -584[ -6.19, -5.49] 2.38
Rui et al [ ] 9.21[ 8.80, 9.62] 2.38
Sahutoglu et al 1.11[ 0.80, 1.41] 2.38
Sengoz et al 1.56[ 0.99, 2.13] 2.38
Sénmez et al [ ] -24.63 [ -25.28, -23.98] 2.38
Sénmez et al 0.17 [ -0.05, 0.38] 2.38
Soyluoglu et al 1.39[ 1.09, 1.69] 2.38
Vrndic et al 1.27[ 0.65, 1.89] 2.38
Yi et al [ ] -10.98 [ -11.79, -10.17] 2.38
Heterogeneity: T° = 61.98, I’ = 99.95%, H® = 2052.04 -0.53[ -4.39, 3.33]

Test of 8 = 6;; Q(15) = 10649.96, p = 0.00

Overall 2.16[ -0.11, 4.43]

Heterogeneity: T° = 56.29, I° = 99.96%, H® = 2527.29
Test of 8 = 6;: Q(41) = 16452.22, p = 0.00

Test of group differences: Q,(4) = 3.43, p = 0.49

Random-effects RENIL model
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RBCs after 6months of therapy

Bikas et al 0.08[-0.28, 0.45] 7.70
Hu et al ] 2.32[-2.54, -211] 7.75
Rui et al | ] -1.05[-1.18, -0.92] 7.77
Sengoz et al - -1.03[-1.56, -0.50] 7.62
Heterogeneity: 7° = 0.95, I = 98.32%, H’ = 59.56 < -1.09[ -2.06, -0.12]

Testof 8 =6;: Q(3) = 155.34, p=0.00

RBCs after a 1 month of therapy

Bikas et al 0.09[-0.27, 0.46] 7.70
Hu et al B 472 4.40, 5.04] 7.72
Sengoz et al - 1.76 [ 1.17, 2.35] 7.58
Heterogeneity: T° = 5.48, I = 99.23%, H” = 129.87 2.19[-0.47, 4.86]

Test of 8 = 8;: Q(2) = 358.05, p = 0.00

RBCs at last follow up period

Bikas et al B 0.54[ 0.18, 0.90] 7.70
Dong et al L] 0.94[ 0.65, 1.24] 7.73
Hu et L] -2.32[-2.50, -2.14] 7.76
Rui et al | ] -1.05[-1.17, -0.93] 7.77
Sengoz et al : & -1.03[-1.54, -0.51] 7.63
Vrndic et al - 1.05[ 0.46, 1.64] 7.58
Heterogeneity: T° = 1.83, I’ = 99.10%, H* = 110.78 -0.32[-1.41, 0.77]

Testof 8 = 6;: Q(5) =487.50, p=0.00

Overall 0.03[-1.00, 1.05]
Heterogeneity: 7° = 3.55, I = 99.55%, H® = 223.95
Test of 8 = 6;: Q(12) = 1973.38, p = 0.00

Test of group differences: Q,(2) = 5.43, p = 0.07

Random-effects REML model





