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Abstract

BACKGROUND: There is growing evidence suggesting that the occurrence of immune-related 

adverse events (irAEs) may be a predictor of immune checkpoint inhibitor (ICI) efficacy. Whether 

this association extends to all irAEs or just those within particular organs/systems is yet to be 

resolved. As immune-related thyroid dysfunction (thyroid irAE) is one of the most commonly 

reported irAEs, this study aims to summarize the available data and determine if thyroid irAE is a 

surrogate marker for improved cancer outcomes during ICI therapy.

METHODS: PubMed, EMBASE and Cochrane Library were searched up to July 1st 2021 for 

studies assessing the relationship between thyroid irAE development during ICI therapy and 

Address all correspondence and request for reprints to: Ole-Petter Riksfjord Hamnvik, Division of Endocrinology, Diabetes, 
and Hypertension, Department of Medicine, Brigham and Women’s Hospital, 221 Longwood Ave, RFB-2, Boston, MA 02115, 
ohamnvik@bwh.harvard.edu.
AUTHOR CONTRIBUTIONS
Yee-Ming Melody Cheung had substantial contribution in the conception and design of the manuscript, along with its methodology. 
She also conducted the statistical analyses and was primarily responsible for drafting the manuscript. She was one of two reviewers 
responsible for the review and selection of studies for both the systematic review and meta-analysis, as well as for the extracting of 
data from the selected studies.
Wei Wang had substantial contribution in overseeing and supervising all statistical analyses performed for the meta-analysis. She also 
contributed to the revisions of the manuscript.
Bradley McGregor had substantial contribution in the drafting and revisions of the manuscript.
Ole-Petter Riksfjord Hamnvik had substantial contribution in the conception and design of the manuscript, along with its 
methodology. He also contributed to the drafting and revisions of the manuscript. He was one of two reviewers responsible for 
the review and selection of studies for both the systematic review and meta-analysis, as well as for the extracting of data from the 
selected studies. He also provided supervision and oversight of the project.
All authors have given approval for this version of the manuscript to be published.

Author disclosures/competing interests
The authors (YC, BM, WW and OH) do not have any disclosures or conflicts of interest

HHS Public Access
Author manuscript
Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.

Published in final edited form as:
Cancer Immunol Immunother. 2022 August ; 71(8): 1795–1812. doi:10.1007/s00262-021-03128-7.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cancer outcomes. Outcome measures of interest include overall survival (OS) and progression free 

survival (PFS). Sub-group analyses based on cancer type and adjustment for immortal time bias 

(ITB) were also performed.

RESULTS: Forty-seven studies were included in the systematic review. Twenty-one studies were 

included in the OS meta-analysis whilst 15 were included in the PFS meta-analysis. Development 

of thyroid irAE during ICI therapy was associated with improved OS and PFS (OS: HR 0.52, 

CI 0.43-0.62, p<0.001; PFS: HR 0.58, CI 0.50-0.67, p<0.001). Sub-group analyses involving 

non-small cell lung cancer populations and studies where ITB was accounted for, observed similar 

results (HR 0.37, CI 0.24-0.57, p<0.001) and (HR 0.51, CI 0.39-0.69, p<0.001), respectively.

CONCLUSION: Despite the heterogeneity and biases identified, the evidence does suggest that 

the development of thyroid irAE is associated with anti-tumor effects of ICIs and therefore, can be 

used as a surrogate marker for clinical response.
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INTRODUCTION

Immune checkpoint inhibitors (ICI) such as inhibitors of programmed cell death receptor 

1 (PD-1), programmed cell death ligand 1 (PD-L1) and cytotoxic T-lymphocyte-associated 

antigen 4 (CTLA-4), have been studied and shown to improve cancer outcomes in a variety 

of clinical settings, including in locally advanced and metastatic cancer.1–4 However, by 

blocking the usual inhibitory signal to the immune system, immune-related adverse events 

(irAEs) are common. The thyroid has proven to be particularly vulnerable, with immune-

related thyroid dysfunction (thyroid irAE) being one of the most frequently described 

irAEs.5,6

Whilst there is growing evidence suggesting that the development of irAEs signifies an 

enhanced T cell-mediated immunoreaction and therefore, a potentially more efficacious 

ICI response,7–10 it remains debated as to whether this relationship extends to all irAEs 

or only to those that develop within certain organs/systems. Results to date from studies 

investigating thyroid irAE and cancer outcomes are mixed, with significant heterogeneity 

between study design, study populations and the methods in which immortal time bias (ITB) 

is accounted for.

ITB is a key element in determining the effective association between clinical outcomes 

and a time-dependent variable.11 It describes the phenomenon where patients who die 

or whose disease progresses earlier are less likely to develop an outcome, whilst those 

patients that stayed in the study for a longer time interval have a theoretically increased 

risk of experiencing an outcome, therefore resulting in a bias. Unfortunately, a significant 

proportion of the studies investigating the effects of thyroid irAE on cancer outcomes 

do not account for ITB. A robust review taking into consideration ITB, heterogeneity as 

well as other potential biases, is therefore required to thoroughly examine and evaluate 

these studies. We performed a systematic review and meta-analysis (including a sub-group 
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analysis of studies that accounted for ITB) to determine if the presence of thyroid irAE 

in patients after the use of ICIs is associated with improved treatment efficacy and cancer 

outcomes.

METHODS

Search strategy and inclusion criteria

This study is registered with the International Prospective Register of Systematic Reviews, 

number CRD42021259904. We followed the PRISMA guidelines and employed the 

Population-Intervention-Comparator-Outcome-Study Design framework to structure the 

research question and its corresponding literature search.

We searched PubMed, EMBASE and Cochrane Library for studies published up until 

the 1st of July 2021. The key terms included (“thyroid” “thyroid dysfunction” OR 

“hypothyroid” OR “hyperthyroid” OR “thyroiditis” OR “immune related adverse event” 

OR “endocrine”) AND (“nivolumab” OR “pembrolizumab” OR “durvalumab” OR 

“avelumab” OR “atezolizumab” OR “ipilimumab” OR “tremelimumab” OR “cemiplimab” 

OR “camrelizumab” OR “sintilimab” OR “tislelizumab” OR “toripalimab” OR “PD-1” OR 

“PD-L1” OR “CTLA-4”) AND (“progression free survival” OR “objective response rate” 

OR “overall survival” OR “survival”).

Selection process

Two review authors (YC, OH) independently screened titles and abstracts identified using 

the above search strategy for eligible studies. The citations of relevant studies were also 

screened for additional eligible studies.

The predetermined inclusion criteria for the systematic review were:

1. Full text, peer reviewed articles

2. Articles in English

3. The reporting of the correlation between thyroid irAE or endocrine irAEs and 

treatment outcome during ICI therapy (at least one of: OS or PFS).

4. Studies that only evaluated endocrine irAEs must include a breakdown of the 

endocrinopathies developed so as to determine the proportionate contribution 

of thyroid dysfunction to overall cancer outcomes, or specify that thyroid irAE 

made up the majority of endocrine irAEs.

The additional inclusion criteria for the meta-analysis were:

1. The reporting of OS or PFS outcome data specific to thyroid irAE (as the 

meta-analysis examines the association of thyroid irAE with cancer outcomes, 

having outcome data for just immune-related endocrine adverse events was not 

sufficient to be included in the meta-analysis)
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2. The reporting of both hazard ratio (HR) and confidence intervals (CI) for OS or 

PFS specific to thyroid irAE (studies that only reported an isolated p value, HR 

or CI were excluded as analyses were unable to be performed)

For both the systematic review and the meta-analysis we excluded reviews, case reports, 

guidelines, editorials and letters to the editor, and those published as conference abstracts 

only. Final eligibility and inclusion were determined by the agreement of both reviewers.

Studies included

The electronic literature search identified 2788 citations in PubMed, 789 in EMBASE and 

170 in Cochrane Library. After removal of duplicate copies and studies that did not meet 

the requirements of the inclusion criteria, 101 were retrieved for more detailed, full text 

evaluation. Fifty-nine studies that passed the initial citation screening were then excluded 

after full text screening leaving 42 studies that satisfied the systematic review inclusion 

criteria. After manually reviewing the citations of relevant publications, a further five studies 

were included in the systematic review.

Twenty-one studies met the criteria to be included in the OS meta-analysis, whilst 15 

fulfilled the inclusion criteria for the PFS meta-analysis (Figure 1).

Data extraction and collection

Data were extracted by the same two reviewers, and entered into a pre-designed data-

extraction form within Microsoft Excel version 2019 (Microsoft Corporation, Seattle, 

Washington, USA). Variables collected included: primary disease site, number of 

participants, study design, type of ICI, percentage of patients developing thyroid irAE, 

median time to onset of thyroid irAE, biochemical severity of thyroid irAE, number of 

deaths, OS and PFS in patients with and without thyroid irAE, and whether ITB was 

accounted for. Of note, there were no overlapping datasets within the studies included in the 

meta-analysis.

Quality assessment

The Cochrane risk-of-bias tool for non-randomised trials was used to assess the design, 

conduct and reporting of the included studies.12. Studies were classified as low, moderate, 

serious, critical or unclear risk.

Statistical analysis

Both fixed and random effects model meta-analyses were performed. The generic inverse-

variance weighted method was used to estimate overall effect size from the final set 

of studies reporting OS and/or PFS data in patients with and without thyroid irAE. I2 

statistics were used to estimate the proportion of the variability of the results attributed 

to heterogeneity rather than sampling error. I2 levels of 25% or less correspond to a low 

heterogeneity.13,14 Given the relatively small size of our final study set along with the 

moderate levels of heterogeneity identified between the studies included, we have chosen to 

report all our results based on the random effects model.15
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Begg funnel plots16 and Egger’s test17 were performed to detect publication bias. For both 

tests, significant publication bias was considered when p<0.05.

Sub-group analyses were also performed to investigate the effects primary cancer type and 

ITB have on the development of thyroid irAE during ICI therapy and potential cancer 

treatment outcomes.

RESULTS

Forty-seven studies were included in the systematic review, 21 studies were included in the 

OS meta-analysis and 15 were included in the PFS meta-analysis. All 47 studies included 

were in the setting of advanced or metastatic malignancies. The most common cancers 

studied were non-small cell lung cancer (NSCLC) followed by melanoma. PD-1 inhibitors 

were the most commonly prescribed ICI followed by combination therapy (PD-1/PD-L1 

inhibitor with a CTLA-4 inhibitor). Forty-one of the 47 studies were retrospective in nature, 

whilst 6 were prospective. The pooled patient population was 19,115, with the population of 

individual studies ranging from 40 to 6596 participants. The incidence of thyroid irAE was 

between 1 to 37.5%. The specifics of each study are summarized in table 1.

Systematic review

Data review according to outcome—Of the 47 studies, 34 were positive5,18–50 

meaning they observed a correlation between thyroid irAE/endocrine irAEs and either a 

longer OS or PFS. Thirteen studies did not find a statistically significant association between 

the development of thyroid irAE/endocrine irAEs and ICI efficacy.6,51–62

Thirty-one studies observed a significant association between the occurrence of thyroid 

irAE/endocrine irAE and a longer OS,5,18,20,21,23–33,35,38–42,44–50,57,63,64 whilst eleven did 

not.6,22,51–54,56,58,60–62 Five studies did not include correlations between immune-related 

endocrine or thyroid dysfunction and OS as an endpoint.36,43,55,57,59

Nineteen studies were positive for a longer PFS,5,18,21,22,24–29,33,36,42,43,46,48,49,55,64 

whilst eleven were negative.6,20,31,45,51,52,55,57,59,60,65 Seventeen studies did not 

report correlations between endocrine irAE/thyroid irAE and PFS as an 

endpoint.23,30,32,35,38–41,47,50,53–56,61–63

Data review according to type of irAE—Eighteen studies evaluated thyroid 

irAE exclusively.5,18,20,26–28,30,31,33,38,41,45–48,52,56,57 Thirteen studies evaluated irAEs in 

general, but also provided details on thyroid irAE.6,21,23,39,42,44,49,53,54,59,60,62,64 Sixteen 

studies evaluated endocrine irAEs where the majority of adverse events were due to 

thyroid dysfunction.22,24,25,29,32,35–37,40,43,50,51,55,58,60,61,63 In these 16 studies, 57-91% of 

the endocrine irAEs were reported as thyroid-related.

Twenty-two 5,18,20,21,23,26–28,30,31,33,38,39,41,42,44–49,64 of the 31 studies 

that specifically included details of thyroid irAE were 

positive,5,18,20,21,23,26–28,30,31,33,38,39,41,42,44–49,52,54,56,57,59,60,62,64 and seven were 
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negative6,52–54,56,57,66 Of those that reported on endocrine irAEs, twelve out of 16 studies 

were positive22,24,25,29,32,35–37,40,43,50,63 and four were negative.51,55,58,61

Data review according to primary tumor—Thirty-three studies evaluated NSCLC/

lung populations.5,6,18,20–28,30,31,33,37–39,41–43,45,47–49,51–53,57,58,60,61,64 Seventeen studies 

evaluated populations containing only NSCLC 6,18,20–27,48,49,51–53,60,64 (n=4300). Twelve 

of these 17 studies were positive,18,20–27,48,49,64 while five were negative.6,51–53,60 

Sixteen studies evaluated NSCLC/lung together along with a mix of other 

cancers.5,28,30,31,33,37–39,41–43,45,47,57,58,61 Fourteen of these 16 studies were positive while 

two were negative.5,28,30,31,33,37–39,41–43,45,47,57,58 For the majority of these ‘mixed cancer’ 

studies, NSCLC remained the predominant primary cancer type.

Thirteen of the 47 studies did not include NSCLC/lung participants as part of their cohort.

Eight studies evaluated participants exclusively with a diagnosis of melanoma 

(n=2921),29,36,44,46,54,56,62,63 Of these eight studies, three had negative findings,54,56,62 and 

five had positive associations19,29,36,46,65 with either OS or PFS. Two studies exclusively 

evaluated participants with renal cell carcinoma (n=441),32,59 while one study exclusively 

evaluated participants with urothelial cancer40 (n=97). All three studies were associated with 

positive findings. The remaining two studies exclusively investigated populations with head 

and neck cancers35,55 (n=197). One was associated with a longer OS35 whilst the other was 

a negative study.55

The reported incidence of thyroid irAE during ICI monotherapy in the studies comprising 

non-NSCLC/non-lung populations when compared to studies comprising NSCLC/lung 

populations were 1-22.6% and 6.2-32.7%, respectively.

Data review according to ICI type—The majority of studies included patients 

treated with PD-1 inhibitors. Eleven studies evaluated patients treated with 

nivolumab alone,5,22,24,26,29,30,32,35,48,52,55 one evaluated patients with nivolumab 

± peptide vaccination,54 five evaluated patients treated with pembrolizumab 

alone,20,36,40,64,67 thirteen evaluated patients treated with either nivolumab or 

pembrolizumab6,18,25,27,28,31,33,45,49,51,53,58,62 and eight included patients treated with a 

mix of PD-1/PD-L1 inhibitors or ipilimumab.21,23,37,38,42,50,56,57 Seven studies included 

patients where a PD-1/PD-L1 was used in combination with a CTLA-4 inhibitor 

(combination therapy),37,43,44,46,47,59,61 two studies evaluated patients treated exclusively 

with PD-L1 inhibitors39,41 and one study included patients treated with a combination 

of PD-1/PD-L1 combined with chemotherapy.60 Finally, one study included participants 

treated with ipilimumab after a course of nivolumab.63 Of the studies where treatment 

included PD-1 inhibitor monotherapy, 22 were positive and six were negative.51–53,55,58,62 

The two studies39,41 that evaluated patients treated exclusively with PD-L1 inhibitors 

were both positive. All seven studies that included patients treated with combination 

therapy were either positive, or observed a longer OS/PFS that did not reach statistical 

significance.43,44,46,47,59–61 The study that evaluated patients treated with nivolumab ± 

peptide vaccination54 along with the study that included patients treated with PD-1/PD-L1 

combined with chemotherapy, 60 were both negative.
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Data review according to biochemical severity—Six studies5,30,33,46,48,49 conducted 

sub-group analyses on thyroid irAE based on biochemical severity (subclinical vs. overt 

hyperthyroidism and hypothyroidism, where overt is defined as biochemical evidence of 

an abnormal thyroid stimulating hormone [TSH] and free triiodothyronine [fT3] or free 

thyroxine [fT4] levels whilst subclinical is defined as an abnormal TSH with normal fT3 and 

fT4 levels). All six studies did not observe a statistically significant correlation between the 

development of subclinical thyroid states and improved clinical outcomes.

Data review according time to onset of thyroid irAE—Twenty-one studies reported 

the time to onset of thyroid irAE post ICI treatment.18,20,26,28–31,33,38,41,44–49,52,54,56,57,61 

The earliest median time to onset of thyroid irAE reported was 3.3 weeks whilst 

the latest was 30 weeks.52 Ten studies reported time to onset based on the type of 

thyroid irAE (ie hyperthyroidism vs hypothyroidism)20,28,30,31,41,45,46,49,57,61 and five 

differentiated between subclinical and overt thyroid irAE.28,33,46,49,61 Overt disease along 

with thyrotoxicosis/hyperthyroidism appeared to occur earlier, whilst subclinical thyroid 

irAE and hypothyroidism appeared to develop later.

Data review according to ITB—Twenty-five of the 47 studies addressed the 

confounding effects of ITB.5,22–25,30–33,36,39,42,51,53,54,57,59–61,63,64 Eighteen of these 25 

studies employed landmark analyses5,22–25,29,32,47,51,53,54,57,59,60,62–64 whilst 7 utilized an 

extended cox model with time-varying covariates.30,31,33,36,39,42,47 Two studies performed 

both landmark and an extended cox model with time-varying covariates as part of their 

analyses.47,54 After excluding the 22 studies that did not account for ITB, 17 studies were 

positive5,22–25,30–33,36,39,42,47,59,60,63,64 and eight were negative.51–54,57,59,61,62

Meta-analysis

Overall survival—Twenty-one studies (n=12,158) fulfilled the criteria for inclusion in 

the OS meta-analysis.5,18,20,21,28,30,31,33,38,39,41,42,44–48,51,52,60,61 Thyroid irAE occurrence 

was significantly associated with longer OS (HR 0.52, CI 0.43-0.62, p <0.001) (Figure 

2). Moderate level heterogeneity was detected (I2=56.8%, p=0.0007). Further sub-group 

analyses were conducted based on primary cancer type and whether ITB was accounted 

for. In the seven studies where NSCLC was the only cancer evaluated, patients that 

developed thyroid irAE appeared to have longer OS (HR 0.37, CI 0.24-0.57, p<0.001) 

than individuals that did not develop thyroid irAE. Heterogeneity between studies was low 

(I2=0%, p=0.8009) (Figure 3A). There were too few studies assessing other cancer types 

to perform sub-group analyses. Finally, nine studies that accounted for ITB had sufficient 

data provided to perform a sub-group analysis. In these studies, thyroid irAE was again, 

associated with longer OS (HR, 0.51, CI 0.39-0.69, p<0.001), (I2=64.2%, p=0.0044) (Figure 

3B).

Progression-free survival—Fifteen studies (n=3,284) fulfilled the inclusion criteria to 

be included in the PFS meta-analysis.5,18,20,21,28,31,33,42,45,46,48,51,52,59,60 Thyroid irAE 

occurrence was significantly associated with longer PFS (HR 0.58, CI 0.50-0.67, p<0.001) 

(Figure 4) and heterogeneity between studies was low (I2 =0%, p=0.881). Sub-group 

analyses were not performed due to the small number of studies available for analysis.
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Publication bias

Using the Cochrane risk-of-bias tool, the risk of bias within studies was primarily 

adjudicated as being ‘moderate or serious’ due to the limitations inherent to a retrospective 

design. The majority of studies did conduct multivariate analyses, but only 53% accounted 

for ITB.

Publication bias was also assessed using the Begg funnel plot and Egger’s test. The 

funnel plot for OS did not display evident asymmetry (p=0.13). However, Egger’s test was 

significant for publication bias (p<0.001). The funnel plot for PFS on the other hand, did 

not show asymmetry (p=0.151) and Egger’s test was also not suggestive of publication bias 

(p=0.06).

As small-sized studies can commonly contribute to publication bias, we performed a sub-

analysis where only OS studies with population sizes ≥100 were included. The results of the 

Begg funnel plot (p=0.40) and Egger’s test (p <0.0001) remained consistent with publication 

bias despite the exclusion of these smaller studies.

DISCUSSION

While there have been multiple systematic reviews and meta-analyses assessing the 

incidence of irAEs and their associations with clinical outcomes,7,68–72 to our knowledge, 

this is the first to specifically review and evaluate the potential correlations between the 

development of thyroid irAE and cancer outcomes.

The results of our meta-analysis suggests that the presence of thyroid irAE appears to be 

inversely associated with the oncological benefits of ICI therapy, where a net benefit in OS 

and PFS is observed in spite of developing an irAE.

The studies that did not observe a correlation between cancer outcomes and the development 

of thyroid irAE were often performed in small51,52,60 or populations with high levels of 

comorbidities (older age ≥70 years, Charlson Comorbidity Index score ≥3 and Eastern 

Cooperative Oncology Group Performance Status ≥2).53 This raises the possibility that 

population size as well as high mortality rates may be contributing factors to these negative 

studies.

In addition, a number of the negative studies were performed in mixed57–59 or non-NSCLC/

lung cohorts,54–56,59,62 suggesting that the effects of thyroid irAE on cancer outcomes 

may also be potentially dependent on the primary cancer type. This is supported by the 

findings of two mixed cancer cohort studies where longer OS was observed in individuals 

that developed thyroid irAE, but this association was then lost in a sub-group analysis 

of individuals with melanoma.5,47 It is unknown why thyroid irAEs would be associated 

with survival in only some cancers. One possible explanation would be the presence of 

shared antigens between certain cancers and the thyroid, although this has not been proven. 

Alternatively, there may be sex-associated molecular differences in the immune components 

of cancers. Studies have shown a divergent sex-bias of immune features between lung 

cancers and melanoma (i.e., higher tumor mutation burden and neoantigen load in males 
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with melanoma vs. higher stimulatory/inhibitory immune checkpoints in females with lung 

cancer),73 which could lead to an apparent association with cancers that are more or less 

common in men vs. women. Further studies investigating the sex-associated molecular 

differences in immunotherapy response, however, are required.

The correlation between the development of thyroid irAE and improved cancer outcomes 

however, appeared to only be significant in individuals who develop overt rather than 

subclinical thyroid dysfunction. Although we acknowledge that this correlation is based on a 

small number of studies, this is not a surprising finding as severity of irAEs has previously 

been described as an independent favorable predictor of OS and PFS.40

Furthermore, given the large number of studies included in our review that did not account 

for ITB, it is possible that an artificial inflation of the correlation between thyroid irAE and 

clinical outcomes is observed. However, our sub-group analysis (involving only studies that 

accounted for ITB) did observe a significant association between thyroid irAE and longer 

OS, suggesting a legitimate association.

The association between thyroid irAE and cancer outcomes has potential relevant clinical 

implications. Unlike most other irAEs which commonly result in serious sequelae, ICI 

interruption and cessation, thyroid irAE is considered a relatively safe irAE. Furthermore, 

current guidelines recommend and encourage the continuation of ICI therapy in the setting 

of thyroid irAEs.74 The majority of patients tend to present with mild symptoms and can 

be managed with close monitoring and where appropriate, levothyroxine therapy.75 Thyroid 

irAE is therefore more likely to have continued clinical benefits when compared with other 

irAEs. Also, although most thyroid irAE tend to occur around or after the time of when the 

tumors are first evaluated for response to ICI therapy via computed tomography scans (6 

to 8 weeks post ICI initiation), overt thyroid irAE can occur as early as 3 weeks after ICI 

commencement. In these circumstances, it would be somewhat reassuring if thyroid function 

tests (TFTs) already demonstrate overt thyroid irAE. TFTs should therefore be considered in 

all patients undergoing ICI therapy due to the high rates of thyroid irAE in this population, 

but can also be used to complement other clinical findings in assessing the likelihood of 

clinical response.

Our study has several limitations. Firstly, the majority of data collected were from 

retrospective studies, which can lead to various biases including information, selection 

as well potential biases in outcome measurements. Secondly, heterogeneity was detected 

between studies. While this is not surprising given endocrine/thyroid irAE were not the 

primary outcomes of interest for many of the included studies, significant heterogeneity can 

inherently impact the reliability of comparisons made between studies. Two studies in our 

systematic review reported results which were undoubtedly outside of the expected ranges 

(i.e., a thyroid irAE incidence of 1% and a median time to isolated overt hypothyroidism 

of 30 weeks), and could therefore also contribute to heterogeneity. However, only one 

study52 was included in our meta-analysis, and it had a relatively small contribution to the 

overall effect size for both the OS (weight 0.82%) and PFS (weight 1.89%) meta-analyses. 

Similarly, while we included the one study which had the unique treatment regimen of 

PD-1/PD-L1 therapy in combination of chemotherapy as part of our meta-analysis, this 
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study also had a relatively small impact on the overall effect size for both the OS (weight 

1.54%) and PFS (weight 4.14%) meta-analyses.

Publication bias was also identified and is likely a consequence of reporting bias. There 

appeared to be selective outcome reporting with an evidently larger number of published 

studies reporting on a positive association between thyroid irAE and OS compared with 

a negative association. Selective analysis reporting was also present and contributed to 

a number of negative studies being excluded from our meta-analysis due to insufficient 

reporting of data (i.e., HR and CI). These biases can lead to a potential overestimation of 

the association between thyroid irAE and clinical outcomes. Further prospective studies that 

report on both the positive and negative associations between thyroid irAE and ICI therapy 

outcomes are therefore required to validate our findings. Additionally, ICI doses were not 

evaluated in this review. This is because the ICI regimens within studies were complex and 

could not be summarized without the risk of over-simplification and the introduction of 

further biases.

Finally, our study population was heavily skewed towards patients treated for advanced 

NSCLC. Similarly, the vast majority of the patients were treated with PD-1 inhibitors, thus it 

would be difficult to generalize our study’s findings to the general cancer population treated 

with any ICIs.

CONCLUSIONS

As the use of ICIs continue to expand, thyroid irAE will be increasingly encountered in 

clinical practice. Although deficiencies and biases remain within the current literature, the 

evidence does suggest that the development of thyroid irAE is associated with anti-tumor 

effects of ICIs and therefore, can be used as a surrogate marker for clinical response. 

Additional prospective studies are needed to further validate the correlation between thyroid 

irAE and clinical outcomes, particularly in different primary cancer sites and ICI types, as 

well as the role biomarkers such as TFTs may have in clinical practice.
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Figure 1: 
Study selection flowchart

Confidence interval (CI), hazard ratio (HR), immune related adverse effects (irAE), immune 

related thyroid dysfunction (thyroid irAE), number (n), odds ratio (OR), overall survival 

(OS), progression free survival (PFS)

Cheung et al. Page 15

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
Forest Plot (random effects model) of the association between thyroid irAE development and 

overall survival

The size of the squares indicates the weight of each study.
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Figure 3: 
Forest Plots (random effects model) between thyroid irAE development and overall survival 

in individuals with NSCLC (panel A) and when ITB is accounted for (panel B)

The size of the squares indicates the weight of each study.
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Figure 4: 
Forest Plot (random effects model) of the association between thyroid irAE development and 

progression free survival

The size of the squares indicates the weight of each study.

Cheung et al. Page 18

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 19

Ta
b

le
 1

:

Sy
st

em
at

ic
 r

ev
ie

w
 o

f 
th

e 
st

ud
ie

s 
ev

al
ua

tin
g 

th
e 

co
rr

el
at

io
n 

be
tw

ee
n 

th
e 

de
ve

lo
pm

en
t o

f 
im

m
un

e-
re

la
te

d 
th

yr
oi

d 
dy

sf
un

ct
io

n 
an

d 
cl

in
ic

al
 o

ut
co

m
es

 

se
co

nd
ar

y 
to

 im
m

un
e 

ch
ec

kp
oi

nt
 in

hi
bi

to
rs

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

1
Fr

ee
m

an
-K

el
le

r 
et

 
al

 (
20

16
)54

R
et

ro
sp

ec
tiv

e
M

el
an

om
a

A
nt

i-
PD

-1
 ±

 
pe

pt
id

e 
va

cc
in

at
io

n 
(n

iv
ol

um
ab

 +
 

pe
pt

id
e 

va
cc

in
e 

or
 

ni
vo

lu
m

ab
 a

lo
ne

)

14
8

Y
es

G
en

er
al

, 
th

yr
oi

d
N

S
N

ot
 r

ep
or

te
d

N
eg

at
iv

e
N

on
-s

ig
ni

fi
ca

nt
 O

S 
fo

r 
en

do
cr

in
op

at
hi

es
, 

in
cl

ud
in

g 
th

yr
oi

d 
ir

A
E

2
K

im
 e

t a
l (

20
17

)18
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
58

N
o

T
hy

ro
id

11
8 

vs
. 7

1 
da

ys
, 

(p
=0

.0
25

)
A

dj
us

te
d 

H
R

 
0.

11
, 

(p
=0

.0
41

)

11
8 

vs
. 6

1 
da

ys
, 

(p
=0

.0
14

)
A

dj
us

te
d 

H
R

 
0.

38
, 

(p
=0

.0
18

)

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 w

as
 a

n 
in

de
pe

nd
en

t p
re

di
ct

iv
e 

fa
ct

or
 f

or
 f

av
or

ab
le

 
ou

tc
om

e

3
Fu

jis
aw

a 
et

 a
l 

(2
01

7)
63

R
et

ro
sp

ec
tiv

e
M

el
an

om
a

C
T

L
A

-4
 p

os
t P

D
-1

 
(i

pi
lim

um
ab

 p
os

t 
ni

vo
lu

m
ab

)
60

Y
es

G
en

er
al

, 
en

do
cr

in
e

A
dj

us
te

d 
R

R
 

0.
22

, 
(p

=0
.0

15
)

N
ot

 r
ep

or
te

d
Po

si
tiv

e
E

nd
oc

ri
ne

 ir
A

E
s 

w
er

e 
si

gn
if

ic
an

t f
ac

to
rs

 
as

so
ci

at
ed

 w
ith

 s
ur

vi
va

l

4
O

so
ri

o 
et

 a
l 

(2
01

7)
20

Pr
os

pe
ct

iv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(p
em

br
ol

iz
um

ab
)

51
N

o
T

hy
ro

id

40
 v

s 
14

 
m

on
th

s,
 H

R
 

0.
29

, 
(p

=0
.0

29
)

N
S

Po
si

tiv
e

O
S 

w
as

 s
ig

ni
fi

ca
nt

ly
 

lo
ng

er
 in

 p
at

ie
nt

s 
w

ho
 

de
ve

lo
pe

d 
th

yr
oi

d 
ir

A
E

5
G

ra
ng

eo
n 

et
 a

l 
(2

01
8)

21
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 o

r 
an

ti-
PD

-L
1 

(n
ot

 
sp

ec
if

ie
d)

27
0

N
o

G
en

er
al

, 
th

yr
oi

d

N
R

 v
s 

18
.2

 
m

on
th

s,
 H

R
 

0.
46

, (
p=

0.
01

)

8.
05

 v
s.

 2
.5

9 
m

on
th

s,
 H

R
 

0.
56

, 
(p

=0
.0

05
)

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 w

as
 

co
rr

el
at

ed
 w

ith
 b

et
te

r 
cl

in
ic

al
 o

ut
co

m
es

6
H

ar
at

an
i e

t a
l 

(2
01

8)
22

R
et

ro
sp

ec
tiv

e
N

SC
L

C
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

)
13

4
Y

es
G

en
er

al
, 

en
do

cr
in

e
N

S
A

dj
us

te
d 

H
R

 
0.

23
7,

 
(p

=0
.0

2)
Po

si
tiv

e
E

nd
oc

ri
ne

 ir
A

E
s 

w
er

e 
co

rr
el

at
ed

 w
ith

 b
et

te
r 

PF
S,

 b
ut

 n
ot

 O
S

7
O

w
en

 e
t a

l 
(2

01
8)

23
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 o

r 
an

ti-
PD

-L
1 

(n
iv

ol
um

ab
, 

pe
m

br
ol

iz
um

ab
, 

at
ez

ol
iz

um
ab

)

91
Y

es
G

en
er

al
, 

th
yr

oi
d

N
R

 v
s.

 6
.5

 
m

on
th

s,
 

(0
.0

18
)

3-
m

on
th

 
la

nd
m

ar
k 

N
R

 
vs

. 1
6.

2 
m

on
th

s,
 

(p
=0

.0
29

6)

N
ot

 r
ep

or
te

d
Po

si
tiv

e
th

yr
oi

d 
ir

A
E

 w
as

 
co

rr
el

at
ed

 w
ith

 lo
ng

er
 

O
S

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 20

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

8
R

ic
ci

ut
i e

t a
l 

(2
01

8)
24

R
et

ro
sp

ec
tiv

e
N

SC
L

C
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

)
19

5
N

o
G

en
er

al
, 

en
do

cr
in

e

A
dj

us
te

d 
H

R
 

0.
45

, 
(p

=0
.0

01
)

A
dj

us
te

d 
H

R
 

0.
59

, 
(p

=0
.0

11
)

N
eg

at
iv

e
E

nd
oc

ri
ne

 ir
A

E
s 

w
er

e 
co

rr
el

at
ed

 w
ith

 b
et

te
r 

cl
in

ic
al

 o
ut

co
m

es

9
A

hn
 e

t a
l (

20
19

)51
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
15

5
Y

es
G

en
er

al
, 

en
do

cr
in

e

N
R

 v
s.

 1
2.

58
 

m
on

th
s,

 
(p

=0
.0

37
)

A
dj

us
te

d 
H

R
 

N
S

N
S

N
eg

at
iv

e

E
nd

oc
ri

ne
 ir

A
E

s 
w

er
e 

no
t i

de
nt

if
ie

d 
as

 
si

gn
if

ic
an

t p
os

iti
ve

 
pr

ed
ic

tiv
e 

fa
ct

or
s 

of
 

be
tte

r 
cl

in
ic

al
 o

ut
co

m
es

10
C

am
pr

ed
on

 e
t a

l 
(2

01
9)

52
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
)

10
5

Y
es

T
hy

ro
id

N
S

N
S

Po
si

tiv
e

A
 n

on
-s

ta
tis

tic
al

ly
 

si
gn

if
ic

an
t t

en
de

nc
y 

to
w

ar
d 

im
pr

ov
em

en
t o

f 
th

e 
ov

er
al

l s
ur

vi
va

l w
as

 
ob

se
rv

ed
 in

 th
e 

th
yr

oi
d 

ir
A

E
 g

ro
up

11
C

or
te

lli
ni

 e
t a

l 
(2

01
9)

25
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
55

9
Y

es
G

en
er

al
, 

en
do

cr
in

e

A
dj

us
te

d 
H

R
 

0.
55

, 
(p

=0
.0

04
4)

A
dj

us
te

d 
H

R
 

0.
63

, 
(p

=0
.0

08
4)

Po
si

tiv
e

E
nd

oc
ri

ne
 ir

A
E

s 
co

rr
el

at
ed

 w
ith

 
im

pr
ov

ed
 O

R
R

 a
nd

 P
FS

 
an

d 
im

pr
ov

ed
 O

S

12
Fu

na
zo

 e
t a

l 
(2

01
9)

26
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
)

11
1

N
o

T
hy

ro
id

L
ow

 f
T

4:
 N

R
 

vs
. 5

56
 d

ay
s

H
R

 0
.1

39
, 

(p
=0

.0
20

)

L
ow

 f
T

4:
 N

R
 

vs
. 6

7 
da

ys
H

R
 0

.2
97

, 
(p

=0
.0

10
)

Po
si

tiv
e

In
 th

e 
pa

tie
nt

s 
w

ith
 

ad
va

nc
ed

 N
SC

L
C

, 
lo

w
 f

T
4 

af
te

r 
ni

vo
lu

m
ab

 tr
ea

tm
en

t 
w

as
 a

ss
oc

ia
te

d 
w

ith
 

si
gn

if
ic

an
tly

 lo
ng

er
 P

FS
 

an
d 

O
S

13
K

oy
am

a 
et

 a
l 

(2
01

9)
27

R
et

ro
sp

ec
tiv

e
N

SC
L

C
A

nt
i-

PD
1 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
13

2
N

o
T

hy
ro

id
N

R
 v

s.
 1

4.
1 

m
on

th
s,

 
(p

=0
.0

11
)

9.
8 

vs
. 1

.8
 

m
on

th
s,

 
(p

=0
.0

12
)

N
eg

at
iv

e

th
yr

oi
d 

ir
A

E
 w

as
 

co
rr

el
at

ed
 w

ith
 b

et
te

r 
O

S 
an

d 
PF

S 
in

 N
SC

L
C

 
pa

tie
nt

s

14
K

si
en

sk
i e

t a
l 

(2
01

9)
53

R
et

ro
sp

ec
tiv

e
N

SC
L

C
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

 o
r 

pe
m

br
ol

iz
um

ab
)

25
4

Y
es

G
en

er
al

, 
th

yr
oi

d
N

S
N

ot
 r

ep
or

te
d

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 w

as
 

no
t c

or
re

la
te

d 
w

ith
 

O
S 

af
te

r 
ni

vo
lu

m
ab

 
or

 p
em

br
ol

iz
um

ab
 

tr
ea

tm
en

t

15
L

ei
 e

t a
l (

20
19

)28
R

et
ro

sp
ec

tiv
e

M
el

an
om

a,
 R

C
C

, 
N

SC
L

C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
10

3
N

o
T

hy
ro

id
N

R
 v

s.
 1

2.
9 

m
on

th
s,

 H
R

 
10

.1
 v

s.
 3

.7
 

m
on

th
s 

H
R

 
Po

si
tiv

e
th

yr
oi

d 
ir

A
E

 w
as

 
co

rr
el

at
ed

 w
ith

 b
et

te
r 

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 21

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

0.
40

, 
(p

=0
.0

14
)

0.
45

, 
(p

=0
.0

02
)

cl
in

ic
al

 o
ut

co
m

es
 O

S,
 

PF
S 

an
d 

O
R

R

16
M

ae
da

 e
t a

l 
(2

01
9)

29
R

et
ro

sp
ec

tiv
e

M
el

an
om

a
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

)
73

Y
es

G
en

er
al

, 
en

do
cr

in
e

20
-w

ee
k 

la
nd

m
ar

k 
(p

=0
.2

7)

20
-w

ee
k 

la
nd

m
ar

k 
(p

=0
.0

7)
Po

si
tiv

e
E

nd
oc

ri
ne

 ir
A

E
s 

w
er

e 
co

rr
el

at
ed

 w
ith

 b
et

te
r 

cl
in

ic
al

 o
ut

co
m

es

17
Pe

ir
o 

et
 a

l 
(2

01
9)

30
Pr

os
pe

ct
iv

e

M
aj

or
ity

 
N

SC
L

C
, 

m
el

an
om

a,
 

ly
m

ph
om

a

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
)

73
N

o
T

hy
ro

id
N

SC
L

C
 &

 
T

D
: H

R
, 0

.4
, 

(p
=0

.0
35

)
N

ot
 r

ep
or

te
d

Po
si

tiv
e

In
 p

at
ie

nt
s 

w
ith

 
N

SC
L

C
, n

iv
ol

um
ab

-
in

du
ce

d 
th

yr
oi

d 
dy

sf
un

ct
io

n 
ap

pe
ar

s 
to

 
be

 c
or

re
la

te
d 

w
ith

 b
et

te
r 

O
S

18
Sa

ka
ki

da
 e

t a
l 

(2
01

9)
31

R
et

ro
sp

ec
tiv

e

M
aj

or
ity

 
N

SC
L

C
, 

m
el

an
om

a,
 

ly
m

ph
om

a,
 R

C
C

, 
he

ad
 a

nd
 n

ec
k,

 
ga

st
ri

c,
 u

ro
th

el
ia

l

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
17

4
Y

es
T

hy
ro

id

15
6 

vs
. 5

9 
w

ee
ks

, H
R

 
0.

34
, (

p=
0.

01
)

A
dj

us
te

d 
H

R
 

0.
42

, (
p=

0.
04

)

66
 v

s 
27

 
w

ee
ks

, H
R

 
0.

50
, 

(p
=0

.0
2)

A
dj

us
te

d 
H

R
 

N
S

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 w

as
 a

n 
in

de
pe

nd
en

t p
ro

gn
os

tic
 

fa
ct

or
 f

or
 lo

ng
er

 O
S

19
V

er
zo

ni
 e

t a
l 

(2
01

9)
32

Pr
os

pe
ct

iv
e

R
C

C
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

)
39

8
Y

es
G

en
er

al
, 

en
do

cr
in

e

1-
ye

ar
 O

S 
92

.3
%

 (
p 

= 
0.

00
1)

N
ot

 r
ep

or
te

d
N

eg
at

iv
e

E
nd

oc
ri

ne
 ir

A
E

s 
w

er
e 

co
rr

el
at

ed
 w

ith
 

im
pr

ov
ed

 O
S

20
Y

am
au

ch
i e

t a
l 

(2
01

9)
5

R
et

ro
sp

ec
tiv

e
L

un
g,

 m
el

an
om

a,
 

ot
he

rs
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

)
20

0
Y

es
T

hy
ro

id

16
.1

 v
s.

 1
3.

6 
m

on
th

s,
 H

R
 

0.
61

, (
p 

= 
0.

02
2)

L
un

g 
&

 T
D

: 
N

R
 v

s.
14

.2
 

m
on

th
s,

 H
R

 
0.

51
 C

I 
0.

27
-0

.9
2,

 
(p

=0
.0

25
)

M
el

an
om

a 
&

 
T

D
: N

S

4.
9 

vs
. 2

.9
 

m
on

th
s,

 H
R

 
0.

66
 (

p 
= 

0.
02

3)
L

un
g 

&
T

D
: 

5.
8 

vs
.2

.3
 

m
on

th
s,

 H
R

 
0.

55
 C

I 
0.

33
-0

.8
8,

 
(p

=0
.0

12
)

M
el

an
om

a 
&

 
T

D
: 3

.3
 v

s 
4.

1 
m

on
th

s,
 

H
R

 0
.9

4 
C

I 
0.

41
-2

.0
0,

 
(p

=
0.

88
5)

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 r

el
at

ed
 

to
 g

oo
d 

pr
og

no
si

s 
in

 
lu

ng
 c

an
ce

r 
bu

t m
ig

ht
 

be
 in

co
nc

lu
si

ve
 in

 
m

el
an

om
a

21
A

l M
us

hr
ef

 e
t a

l 
(2

02
0)

56
R

et
ro

sp
ec

tiv
e

M
el

an
om

a
A

nt
i-

PD
-1

 
or

 C
T

L
A

-4
 

(i
pi

lim
um

ab
, 

18
6

N
o

T
hy

ro
id

N
S

N
ot

 r
ep

or
te

d
Po

si
tiv

e
T

hy
ro

id
 ir

A
E

s 
di

d 
no

t 
ap

pe
ar

 to
 b

e 
as

so
ci

at
ed

 
w

ith
 c

ha
ng

e 
in

 s
ur

vi
va

l

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 22

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

pe
m

br
ol

iz
um

ab
 o

r 
ni

vo
lu

m
ab

)

22
B

as
ak

 e
t a

l 
(2

02
0)

33
Pr

os
pe

ct
iv

e
M

el
an

om
a,

 
N

SC
L

C
, R

C
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
16

8
Y

es
T

hy
ro

id

1-
ye

ar
 O

S 
ra

te
s 

94
 v

s.
 

59
%

, H
R

 0
.1

8,
 

(p
=0

.0
20

)

1-
ye

ar
 P

FS
 

ra
te

s 
64

 v
s.

 
34

%
, H

R
 

0.
39

, 
(p

=0
.0

50
)

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 is

 
as

so
ci

at
ed

 w
ith

 
im

pr
ov

ed
 O

S 
an

d 
PF

S

23
C

or
te

lli
ni

 e
t a

l 
(2

02
0)

64
R

et
ro

sp
ec

tiv
e

N
SC

L
C

 w
 P

D
-

L
1 

ex
pr

es
si

on
 

>
50

%

A
nt

i-
PD

-1
 

(p
em

br
ol

iz
um

ab
)

10
10

Y
es

G
en

er
al

, 
th

yr
oi

d

A
dj

us
te

d 
H

R
 

0.
30

, 
(p

<0
.0

00
1)

A
dj

us
te

d 
H

R
 

0.
40

, 
(p

<0
.0

00
1)

Po
si

tiv
e

E
nd

oc
ri

ne
 ir

A
E

s 
w

er
e 

si
gn

if
ic

an
tly

 r
el

at
ed

 to
 

im
pr

ov
ed

 O
S,

 P
FS

 a
nd

 
O

R
R

24
E

co
no

m
op

ou
lo

u 
et

 
al

 (
20

20
)35

R
et

ro
sp

ec
tiv

e
H

ea
d 

an
d 

ne
ck

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
)

89
N

o
G

en
er

al
, 

en
do

cr
in

e
(p

=0
.0

14
)

N
ot

 r
ep

or
te

d
Po

si
tiv

e

T
he

 d
ev

el
op

m
en

t o
f 

en
do

cr
in

e 
ir

A
E

s 
is

 a
 

pr
ed

ic
to

r 
of

 im
pr

ov
ed

 
su

rv
iv

al
 in

 p
at

ie
nt

s 
w

ith
 a

dv
an

ce
d 

H
N

SC
C

 
tr

ea
te

d 
w

ith
 n

iv
ol

um
ab

.

25
E

gg
er

m
on

t e
t a

l 
(2

02
0)

36

R
C

T
 

(s
ec

on
da

ry
 

an
al

ys
is

)
M

el
an

om
a

A
nt

i-
PD

-1
 

(P
em

br
ol

iz
um

ab
)

10
11

Y
es

G
en

er
al

, 
en

do
cr

in
e

N
ot

 r
ep

or
te

d
H

R
 0

.3
4,

 
(p

=0
.0

3)
Po

si
tiv

e

O
cc

ur
re

nc
e 

of
 

en
do

cr
in

e 
ir

A
E

s 
w

er
e 

as
so

ci
at

ed
 w

ith
 a

 
lo

ng
er

 P
FS

 in
 th

e 
pe

m
br

ol
iz

um
ab

 a
rm

26
E

sp
an

a 
et

 a
l 

(2
02

0)
37

R
et

ro
sp

ec
tiv

e
N

SC
L

C
, 

m
el

an
om

a,
 

ur
ot

he
lia

l

A
nt

i-
PD

-1
 +

/
−

 a
nt

i-
C

T
L

A
-4

 
or

 a
nt

i-
C

T
L

A
-4

 
(p

em
br

ol
iz

um
ab

, 
ni

vo
lu

m
ab

, 
at

ez
ol

iz
um

ab
, 

ip
ili

m
um

ab
 o

r 
co

m
bi

na
tio

n 
th

er
ap

y)

18
8

N
o

E
nd

oc
ri

ne

N
R

 v
s.

 3
1.

4 
m

on
th

s 
(p

=0
.0

01
)

A
dj

us
te

d 
H

R
 

0.
42

, 
(p

=0
.0

08
)

56
.7

 v
s.

 2
7.

7 
m

on
th

s,
 

(p
=0

.0
08

)
Po

si
tiv

e

E
nd

oc
ri

ne
 ir

A
E

s 
w

er
e 

si
gn

if
ic

an
tly

 a
ss

oc
ia

te
d 

w
ith

 im
pr

ov
ed

 O
S 

an
d 

PF
S

27
L

im
a-

Fe
rr

ei
ra

 e
t a

l 
(2

02
0)

38
R

et
ro

sp
ec

tiv
e

M
el

an
om

a,
 

N
SC

L
C

, 
ly

m
ph

om
a,

 
ur

ot
he

lia
l a

nd
 

he
ad

 a
nd

 n
ec

k

A
nt

i-
PD

-1
 o

r 
an

ti-
C

T
L

A
-4

 
(p

em
br

ol
iz

um
ab

, 
ni

vo
lu

m
ab

 o
r 

ip
ili

m
um

ab
)

16
1

N
o

T
hy

ro
id

3.
26

 v
s.

 1
.7

6 
ye

ar
s,

 
(p

=0
.0

30
)

N
ot

 r
ep

or
te

d
Po

si
tiv

e

Pr
im

ar
y 

an
d 

ce
nt

ra
l 

th
yr

oi
d 

dy
sf

un
ct

io
n 

ca
n 

be
 a

 p
re

di
ct

iv
e 

cl
in

ic
al

 
bi

om
ar

ke
r 

of
 a

 b
et

te
r 

re
sp

on
se

 to
 I

C
I 

ac
ro

ss
 

se
ve

ra
l n

eo
pl

as
m

s

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 23

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

28
K

el
ly

 e
t a

l 
(2

02
0)

39
Pr

os
pe

ct
iv

e
M

aj
or

ity
 N

SC
L

C
A

nt
i-

PD
-L

1 
(a

ve
lu

m
ab

)
17

83
Y

es
G

en
er

al
, 

th
yr

oi
d

H
R

 0
.5

3,
 C

I 
0.

39
-0

.7
1

N
ot

 r
ep

or
te

d
Po

si
tiv

e
th

yr
oi

d 
ir

A
E

 w
as

 
si

gn
if

ic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 im

pr
ov

ed
 O

S

29
K

iji
m

a 
et

 a
l 

(2
02

0)
40

R
et

ro
sp

ec
tiv

e
U

ro
th

el
ia

l
A

nt
i-

PD
-1

 
(p

em
br

ol
iz

um
ab

)
97

N
o

G
en

er
al

, 
en

do
cr

in
e

(p
=0

.0
4)

N
ot

 r
ep

or
te

d
Po

si
tiv

e

E
nd

oc
ri

ne
 ir

A
E

s 
w

er
e 

as
so

ci
at

ed
 w

ith
 

in
cr

ea
se

d 
O

R
R

 a
nd

 
lo

ng
er

 O
S

30
K

ot
w

al
 e

t a
l 

(2
02

0)
41

R
et

ro
sp

ec
tiv

e

L
un

g 
(8

5%
),

 
U

ro
ep

ith
el

ia
l, 

M
er

ke
l c

el
l, 

pr
os

ta
te

, p
en

is

A
nt

i-
PD

-L
1 

(a
te

zo
liz

um
ab

 o
r 

av
el

um
ab

)
91

N
o

T
hy

ro
id

N
R

 v
s 

9.
8 

m
on

th
s,

 
(p

=0
.0

27
)

A
dj

us
te

d 
H

R
 

0.
49

, C
I 

0.
25

-0
.9

9,
 

(p
=0

.0
34

)

N
ot

 r
ep

or
te

d
N

eg
at

iv
e

th
yr

oi
d 

ir
A

E
 a

pp
ea

rs
 

to
 b

e 
as

so
ci

at
ed

 w
ith

 
im

pr
ov

ed
 O

S

31
M

ai
lle

t e
t a

l 
(2

02
0)

42
R

et
ro

sp
ec

tiv
e

M
el

an
om

a,
 

N
SC

L
C

, R
C

C
, 

ur
ot

he
lia

l

A
nt

i-
PD

-L
1 

or
 

an
ti-

C
T

L
A

-4
 (

no
t 

sp
ec

if
ie

d)
41

0
Y

es
G

en
er

al
, 

th
yr

oi
d

H
R

 0
.5

3,
 C

I 
0.

3-
0.

94
H

R
 0

.5
, C

I 
0.

3-
0.

84
N

eg
at

iv
e

th
yr

oi
d 

ir
A

E
 is

 
co

rr
el

at
ed

 w
ith

 b
et

te
r 

O
S 

an
d 

PF
S

32
M

at
su

o 
et

 a
l 

(2
02

0)
55

R
et

ro
sp

ec
tiv

e
H

ea
d 

an
d 

ne
ck

 
sq

ua
m

ou
s 

ce
ll

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
)

10
8

N
o

G
en

er
al

, 
en

do
cr

in
e

N
ot

 r
ep

or
te

d
N

S
Po

si
tiv

e
N

o 
co

rr
el

at
io

n 
be

tw
ee

n 
en

do
cr

in
e 

ir
A

E
s 

an
d 

cl
in

ic
al

 o
ut

co
m

es

33
Sh

an
ka

r 
et

 a
l 

(2
02

0)
6

R
et

ro
sp

ec
tiv

e
N

SC
L

C
A

nt
i-

PD
-1

, a
nt

i-
PD

-
L

1 
(n

ot
 s

pe
ci

fi
ed

)
62

3
N

o
G

en
er

al
, 

th
yr

oi
d

N
S

N
S

Po
si

tiv
e

N
o 

co
rr

el
at

io
n 

be
tw

ee
n 

th
yr

oi
d 

ir
A

E
 a

nd
 

cl
in

ic
al

 o
ut

co
m

es
 

ob
se

rv
ed

34
A

l A
sh

i e
t a

l 
(2

02
1)

50
R

et
ro

sp
ec

tiv
e

N
SC

L
C

, 
m

el
an

om
a,

 R
C

C
, 

bl
ad

de
r

A
nt

i-
PD

-1
 a

nt
i-

PD
-

L
1 

or
 a

nt
i-

C
T

L
A

-4
 (

ni
vo

lu
m

ab
, 

pe
m

br
ol

iz
um

ab
, 

at
ez

ol
iz

um
ab

, 
du

rv
al

um
ab

, 
av

el
um

ab
 o

r 
ip

ili
m

um
ab

)

55
1

N
o

E
nd

oc
ri

ne

A
dj

us
te

d 
H

R
 

0.
56

, C
I 

0.
42

-0
.7

6,
 

p<
0.

00
1

N
ot

 r
ep

or
te

d
N

eg
at

iv
e

T
he

 d
ev

el
op

m
en

t o
f 

en
do

cr
in

e 
ir

A
E

s 
w

as
 

as
so

ci
at

ed
 w

ith
 a

 lo
ng

er
 

O
S

35
B

ai
 e

t a
l (

20
21

)43
R

et
ro

sp
ec

tiv
e

L
un

g,
 m

el
an

om
a,

 
es

op
ha

ge
al

, 
ur

ot
he

lia
l, 

ga
st

ri
c

A
nt

i-
PD

-1
, a

nt
i-

PD
-

L
1 

or
 c

om
bi

na
tio

n 
th

er
ap

y 
(n

ot
 

sp
ec

if
ie

d)

10
3

N
o

G
en

er
al

, 
en

do
cr

in
e

N
ot

 r
ep

or
te

d
13

.3
 v

s.
 4

.1
3 

m
on

th
s 

(p
=0

.0
1)

Po
si

tiv
e

E
nd

oc
ri

ne
 ir

A
E

s 
w

er
e 

as
so

ci
at

ed
 w

ith
 b

et
te

r 
PF

S

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 24

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

36
D

’A
ie

llo
 e

t a
l 

(2
02

1)
57

R
et

ro
sp

ec
tiv

e
N

SC
L

C
, S

C
L

C

A
nt

i-
PD

-1
 o

r 
an

ti-
PD

-L
1 

(p
em

br
ol

iz
um

ab
, 

ni
vo

lu
m

ab
, 

du
rv

al
um

ab
 o

r 
at

ez
ol

iz
um

ab
)

20
5

Y
es

T
hy

ro
id

N
ot

 r
ep

or
te

d
N

S
N

eg
at

iv
e

T
he

re
 w

er
e 

no
 o

bs
er

ve
d 

di
ff

er
en

ce
s 

in
 P

FS
 

be
tw

ee
n 

th
os

e 
th

at
 

de
ve

lo
pe

d 
th

yr
oi

d 
ir

A
E

 
an

d 
th

os
e 

th
at

 d
id

 n
ot

37
Fr

el
au

 e
t a

l 
(2

02
1)

44
R

et
ro

sp
ec

tiv
e

M
el

an
om

a

A
nt

i-
PD

-1
 +

/−
 

C
T

L
A

-4
 o

r 
C

T
L

A
-4

 
(p

em
br

ol
iz

um
ab

 
or

 n
iv

ol
um

ab
 

or
 c

om
bi

na
tio

n 
th

er
ap

y)

11
0

N
o

G
en

er
al

, 
th

yr
oi

d

43
.9

 v
s.

 9
.8

 
m

on
th

s,
 

(p
=0

.0
02

1)
A

dj
us

te
d 

H
R

 
0.

4,
 9

5%
 C

I 
0.

21
-0

.7
6,

 
(p

=0
.0

05
)

18
.1

 v
s.

 3
.9

 
m

on
th

s,
 

(p
=0

.0
08

5)
 

 
N

S

N
eg

at
iv

e
th

yr
oi

d 
ir

A
E

 a
pp

ea
re

d 
to

 b
e 

as
so

ci
at

ed
 w

ith
 

be
tte

r 
O

S

38
H

ol
st

ea
d 

et
 a

l 
(2

02
1)

62
R

et
ro

sp
ec

tiv
e

M
el

an
om

a
A

nt
i-

PD
-1

 
(n

iv
ol

um
ab

 o
r 

pe
m

br
ol

iz
um

ab
)

87
Y

es
G

en
er

al
, 

th
yr

oi
d

N
S

N
ot

 r
ep

or
te

d
Po

si
tiv

e

T
he

re
 a

pp
ea

re
d 

to
 b

e 
a 

tr
en

d 
to

w
ar

ds
 b

et
te

r 
O

S 
in

 in
di

vi
du

al
s 

w
ith

 
en

do
cr

in
e 

ir
A

E
s

39
L

ui
 e

t a
l (

20
21

)61
R

et
ro

sp
ec

tiv
e

H
C

C
, l

un
g,

 
br

ea
st

, 
m

el
an

om
a,

 R
C

C
, 

C
C

 p
an

cr
ea

s,
 

co
lo

re
ct

al
, 

ga
st

ri
c,

 N
E

T

A
nt

i-
PD

-1
/a

nt
i-

C
T

L
A

-4
 

co
m

bi
na

tio
n 

th
er

ap
y 

(n
iv

ol
um

ab
/

pe
m

br
ol

iz
um

ab
 a

nd
 

ip
ili

m
um

ab
)

10
3

Y
es

E
nd

oc
ri

ne

17
.9

 v
s.

5.
7 

m
on

th
s 

(p
<0

.0
01

)
A

dj
us

te
d 

H
R

 
0.

34
, 9

5%
 C

I 
0.

17
-0

.7
1,

 
(p

=0
.0

04
) 

3-
m

on
th

 
la

nd
m

ar
k:

 H
R

 
0.

42
, C

I 
0.

13
-1

.3
6,

 
(p

=
0.

13
5)

N
ot

 r
ep

or
te

d
N

eg
at

iv
e

th
yr

oi
d 

ir
A

E
 m

ay
 h

av
e 

pr
og

no
st

ic
 s

ig
ni

fi
ca

nc
e 

in
 in

di
vi

du
al

s 
w

ith
 

ad
va

nc
ed

 c
an

ce
r 

an
d 

co
m

bi
na

tio
n 

th
er

ap
y

40
L

uo
ng

o 
et

 a
l 

(2
02

1)
45

R
et

ro
sp

ec
tiv

e
N

SC
L

C
, 

m
el

an
om

a,
 R

C
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
 o

r 
pe

m
br

ol
iz

um
ab

)
96

N
o

T
hy

ro
id

H
R

 0
.4

1,
 C

I 
0.

2-
0.

87
, 

p=
0.

01
97

N
S

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 w

as
 

as
so

ci
at

ed
 w

ith
 a

n 
im

pr
ov

ed
 2

-y
ea

r 
O

S 
w

he
n 

co
m

pa
re

d 
to

 
eu

th
yr

oi
d 

pa
tie

nt
s

41
M

or
im

ot
o 

et
 a

l 
(2

02
1)

60
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 o

r 
an

ti-
PD

-L
1 

co
m

bi
ne

d 
w

ith
 c

he
m

ot
he

ra
py

70
N

o
G

en
er

al
, 

th
yr

oi
d

N
S

H
R

 0
.4

6,
 C

I 
0.

17
-1

.2
9,

 
(p

=
0.

14
)

N
eg

at
iv

e
E

nd
oc

ri
ne

 ir
A

E
s 

w
er

e 
as

so
ci

at
ed

 w
ith

 a
 tr

en
d 

to
w

ar
ds

 im
pr

ov
ed

 P
FS

42
M

ui
r 

et
 a

l (
20

21
)46

R
et

ro
sp

ec
tiv

e
M

el
an

om
a

A
nt

i-
PD

-1
 +

/−
 

C
T

L
A

-4
 o

r 
C

T
L

A
-4

 
(i

pi
lim

um
ab

, 
12

46
N

o
T

hy
ro

id
A

dj
us

te
d 

H
R

 
0.

57
, 9

5%
 C

I 
A

dj
us

te
d 

H
R

 
0.

68
, 9

5%
 C

I 
N

eg
at

iv
e

O
ve

rt
 th

yr
ot

ox
ic

os
is

 
ap

pe
ar

ed
 to

 b
e 

as
so

ci
at

ed
 w

ith
 

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cheung et al. Page 25

N
um

be
r

R
ef

er
en

ce
St

ud
y 

ty
pe

P
ri

m
ar

y 
tu

m
or

 
si

te
T

re
at

m
en

t
N

=
IT

B
ir

A
E

 o
f 

in
te

re
st

O
ut

co
m

es
 (

th
yr

oi
d 

ir
A

E
 v

s.
 n

o 
th

yr
oi

d 
ir

A
E

)

Su
m

m
ar

y

O
S

P
F

S
P

os
it

iv
e/

N
eg

at
iv

e 
st

ud
y

pe
m

br
ol

iz
um

ab
 

or
 n

iv
ol

um
ab

 
or

 c
om

bi
na

tio
n 

th
er

ap
y)

0.
39

-0
.8

4,
 

(p
=0

.0
05

)
0.

49
-0

.9
4,

 
(p

=0
.0

2)

be
tte

r 
O

S 
an

d 
PF

S.
 N

o 
as

so
ci

at
io

n 
w

as
 o

bs
er

ve
d 

fo
r 

hy
po

th
yr

oi
di

sm

43
Pa

de
ri

 e
t a

l 
(2

02
1)

59
R

et
ro

sp
ec

tiv
e

R
C

C

A
nt

i-
PD

-1
 +

/−
 

C
T

L
A

-4
 (

ni
vo

lu
m

ab
 

or
 c

om
bi

na
tio

n 
th

er
ap

y)

43
Y

es
G

en
er

al
, 

th
yr

oi
d

N
ot

 r
ep

or
te

d

A
dj

us
te

d 
H

R
 

0.
34

 C
I 

0.
13

-0
.8

7,
 

(p
=0

.0
25

)
16

-w
ee

k 
la

nd
m

ar
k 

(p
=

0.
16

0)

Po
si

tiv
e

A
t t

he
 1

6-
w

ee
k 

la
nd

m
ar

k 
an

al
ys

is
, 

th
yr

oi
d 

ir
A

E
 s

ho
w

ed
 a

 
tr

en
d 

to
w

ar
ds

 im
pr

ov
ed

 
PF

S

44
R

ub
in

o 
et

 a
l 

(2
02

1)
58

R
et

ro
sp

ec
tiv

e
N

SC
L

C
, 

m
el

an
om

a

A
nt

i-
PD

-1
 

(p
em

br
ol

iz
um

ab
 o

r 
ni

vo
lu

m
ab

)
25

1
N

o
G

en
er

al
, 

en
do

cr
in

e
N

S
N

S
Po

si
tiv

e
E

nd
oc

ri
ne

 ir
A

E
s 

w
er

e 
no

t a
ss

oc
ia

te
d 

w
ith

 O
S 

or
 P

FS

45
St

re
et

 e
t a

l 
(2

02
1)

47
R

et
ro

sp
ec

tiv
e

M
el

an
om

a,
 

br
ea

st
, 

ga
st

ro
in

te
st

in
al

, 
ge

ni
to

ur
in

ar
y,

 
he

ad
 a

nd
 n

ec
k,

 
he

m
at

ol
og

ic
, 

ne
ur

ol
og

ic
, 

th
or

ac
ic

A
nt

i-
PD

-1
, a

nt
i-

PD
-

L
1 

or
 C

T
L

A
-4

 o
r 

co
m

bi
na

tio
n 

th
er

ap
y 

(n
ot

 s
pe

ci
fi

ed
)

65
96

Y
es

T
hy

ro
id

A
dj

us
te

d 
H

R
 

0.
8,

 C
I 

0.
71

-0
.8

9)
, 

(p
=<

0.
00

1)

N
ot

 r
ep

or
te

d
Po

si
tiv

e

T
hy

ro
id

 ir
A

E
 w

as
 

as
so

ci
at

ed
 w

ith
 

im
pr

ov
ed

 O
S 

ev
en

 a
ft

er
 

ac
co

un
tin

g 
fo

r 
im

m
or

ta
l 

tim
e 

bi
as

es

46
T

hu
ill

ie
r 

et
 a

l 
(2

02
1)

48
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(n
iv

ol
um

ab
)

19
4

N
o

T
hy

ro
id

29
.8

 v
s.

 8
.1

 
m

on
th

s,
 

(p
<0

.0
01

)
A

dj
us

te
d 

H
R

 
0.

32
, 

(p
<0

.0
01

)

8.
7 

vs
. 1

.7
 

m
on

th
s,

 
(p

<0
.0

01
)

A
dj

us
te

d 
H

R
 

=
 0

.3
6 

(p
<0

.0
01

)

Po
si

tiv
e

th
yr

oi
d 

ir
A

E
 a

pp
ea

re
d 

to
 b

e 
co

rr
el

at
ed

 w
ith

 
be

tte
r 

O
S,

 P
FS

 a
nd

 
O

R
R

47
Z

ho
u 

et
 a

l 
(2

02
1)

49
R

et
ro

sp
ec

tiv
e

N
SC

L
C

A
nt

i-
PD

-1
 

(p
em

br
ol

iz
um

ab
 o

r 
ni

vo
lu

m
ab

)
19

1
N

o
G

en
er

al
, 

th
yr

oi
d

16
.8

 v
s.

 1
1.

1 
m

on
th

s,
 (

p<
 

0.
00

1)

10
.4

 v
s.

 5
.5

 
m

on
th

s,
 

(p
<0

.0
01

)
Po

si
tiv

e
th

yr
oi

d 
ir

A
E

 a
pp

ea
re

d 
to

 b
e 

co
rr

el
at

ed
 w

ith
 

be
tte

r 
O

S 
an

d 
PF

S

C
ho

la
ng

io
ca

rc
in

om
a 

(C
C

),
 c

om
pl

et
e 

re
sp

on
se

 (
C

R
),

 c
yt

ot
ox

ic
 T

-l
ym

ph
oc

yt
e-

as
so

ci
at

ed
 a

nt
ig

en
 4

 (
C

T
L

A
-4

),
 h

az
ar

ds
 r

at
io

 (
H

R
),

 h
ea

d 
an

d 
ne

ck
 s

qu
am

ou
s 

ce
ll 

ca
rc

in
om

a 
(H

N
SC

C
),

 h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a 
(H

C
C

),
 im

m
un

e 
ch

ec
kp

oi
nt

 in
hi

bi
to

r 
(I

C
I)

, i
m

m
un

e-
re

la
te

d 
ad

ve
rs

e 
ev

en
t (

ir
A

E
),

 im
m

un
e-

re
la

te
d 

th
yr

oi
d 

dy
sf

un
ct

io
n 

(t
hy

ro
id

 ir
A

E
),

 n
um

be
r 

(N
),

 n
on

-s
m

al
l c

el
l l

un
g 

ca
nc

er
 (

N
SC

L
C

),
 n

ot
 

re
ac

he
d 

(N
R

),
 n

ot
 s

ig
ni

fi
ca

nt
 (

N
S)

, o
ve

ra
ll 

su
rv

iv
al

 (
O

S)
, p

ro
gr

am
m

ed
 c

el
l d

ea
th

 r
ec

ep
to

r 
1 

(P
D

-1
),

 p
ro

gr
am

m
ed

 c
el

l d
ea

th
 li

ga
nd

 (
PD

-L
1)

, p
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 (

PF
S)

, r
en

al
 c

el
l c

ar
ci

no
m

a 
(R

C
C

),
 

sm
al

l c
el

l l
un

g 
ca

nc
er

 (
SC

L
C

),
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
 (

C
I)

, t
hy

ro
id

 d
ys

fu
nc

tio
n 

(T
D

)

Cancer Immunol Immunother. Author manuscript; available in PMC 2023 August 01.


	Abstract
	INTRODUCTION
	METHODS
	Search strategy and inclusion criteria
	Selection process
	Studies included
	Data extraction and collection
	Quality assessment
	Statistical analysis

	RESULTS
	Systematic review
	Data review according to outcome
	Data review according to type of irAE
	Data review according to primary tumor
	Data review according to ICI type
	Data review according to biochemical severity
	Data review according time to onset of thyroid irAE
	Data review according to ITB

	Meta-analysis
	Overall survival
	Progression-free survival

	Publication bias

	DISCUSSION
	CONCLUSIONS
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Table 1:

