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Abstract 

Immune checkpoint inhibitors (ICIs) therapy elicits admirable anti-tumor responses across many types of cancer. 
Growing evidence point to a link to Mediator complex subunit 12 (MED12) and DNA damage repair (DDR) and TGF-β 
signing, while the clinical data on the association of MED12 and ICIs response are lacking. In this study, clinical and 
whole-exome sequencing (WES) data from published studies were merged as a WES cohort to explore the associa-
tion between MED12 mutation (MED12-Mut) and ICIs efficiency across cancers. Then, Memorial Sloan Kettering 
Cancer Center (MSKCC) cohort was used for validating our findings. The Cancer Genome Atlas (TCGA) cohort was 
used to perform anti-tumor immunity and prognosis analysis. In the WES cohort (n = 474), significant differences were 
detected between MED12-Mut and MED12-wildtype (MED12-Wt) patients regarding durable clinical benefit (DCB, 
80.00% vs. 53.67%, P = 0.022). In addition, significantly prolonged PFS was observed in MED12-Mut patients (mPFS: 
not reached, NR vs. 5.87 months, HR: 0.38, 95% CI 0.17–0.85, log-rank P = 0.015), After taking into account age, gender, 
metastasis, treatment and TMB status, the result of multivariable Cox proportional hazards regression showed signifi-
cantly better PFS (HR:0.40, 95% CI 0.18–0.92; P = 0.031). In the MSKCC cohort (n = 1513), overall survival advantage was 
achieved in MED12-Mut patients (mOS: 41 vs. 19 months, HR:0.54, 95%CI 0.34–0.85; log-rank P = 0.007), after taking 
into account same factors in WES cohort, this link still existed (HR: 0.60, 95% CI: 0.38–0.96, P = 0.033), Notably, TMB was 
also found significantly higher in MED12-Mut patients in both WES and MSKCC cohort. Further tumor-infiltrating lym-
phocytes and DDR-related gene analysis revealed anti-tumor immunity in MED12-Mut patients. Totally, MED12-Mut 
successfully predicted better clinical outcomes in ICIs-treated pan-cancer cohort, indicating that MED12-Mut could 
serve as a potential predictive biomarker for immune checkpoint inhibitors in pan-cancer.

Keywords: MED12, Biomarker, Immune checkpoint inhibitors, Pan-cancer, Anti-tumor immunity

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

To the editors,

Immune checkpoint inhibitors (ICIs) can elicit impres-
sive improvement of survival in different cancer types. 
However, few patients can respond well to immuno-
therapy and reliable biomarkers are urgently needed [1]. 

Emerging evidence indicates mediator complex subu-
nit 12 (MED12) together with the mediator complex, 
activates gene transcription in Wnt/β catenin signal-
ing, which regulates anti-tumor immunity [2, 3]. How-
ever, clinical data on the association of alterations in 
transcriptional regulation-related genes and ICIs ben-
efit are still lacking. Previous preclinical studies have 
shown that mediator complex subunit 12 (MED12), a 
component of the mediator transcription regulation 
complex, is associated with DNA damage repair (DDR) 
and TGF-β receptor signaling [4, 5]. However, the role 
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Fig. 1 The predictive value of MED12 mutation in immunotherapy of pan-cancer. A Kaplan–Meier survival analysis comparing PFS between 
MED12-Mut and MED12-Wt patients in combination with the five WES cohorts. B Multivariate Cox regression analysis of MED12 mutations in WES 
cohort, the confounding factors including sex, age, metastasis status, treatment, TMB level, and cancer type were adjusted. The proportional hazards 
assumption was tested before the Cox regression used the Stratified Cox model to resolve independent variables that do not conform to the PH 
assumption. C Comparison of the ORR between the MED12-Mut and MED12-Wt groups from the WES cohorts. D Comparison of the DCR between 
the MED12-Mut and MED12-Wt groups from the WES cohorts. E Kaplan–Meier survival analysis comparing OS between MED12-Mut and MED12-Wt 
patients in the MSKCC cohort. F Multivariate Cox regression analysis of MED12 mutations in the combination of MSKCC cohort with age, sex, 
metastatic status, treatment type, TMB, and cancer types were taken into account. The proportional hazards assumption was tested before the Cox 
regression used the Stratified Cox model to resolve independent variables that do not conform to the PH assumption
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Fig. 2 Relationship between MED12 mutation and enhanced tumor immunity. A Comparison of the TMB between the MED12-Mut and MED12-Wt 
groups from the WES cohorts. B Comparison of the TMB between the MED12-Mut and MED12-Wt groups from the MSKCC cohort. C Comparison 
of the TMB between the MED12-Mut and MED12-Wt groups from the TCGA cohort. D Comparison of the TNB between the MED12 mutant and 
wildtype groups from the WES cohorts. E Comparison of DNA damage-related gene (DDR) set variants between MED12-Mut and MED12-Wt 
patients in TCGA cohort. F Comparison of tumor-infiltrating immune cells abundance in MED12-Mut and MED12-Wt pan-cancers. *P < 0.05; 
**P < 0.01; ***P < 0.001; ns: P > 0.05
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of MED12 in tumor immunotherapy is still uncertain. 
In this study, multidimensional data were used to probe 
the relationship between the efficacy of immunother-
apy across cancers and MED12 mutations.

In the TCGA pan-cancer cohort, the average muta-
tion frequency of MED12 was 3.35% and the specific 
mutation distribution in different cancers is shown in 
Additional file  2: Fig. S2. Then, to investigate whether 
the somatic mutations in MED12 were related to the 
response to ICIs, we collected the whole-exome sequenc-
ing (WES) data of 474 patients across 5 cancer types 
from 6 immunotherapy studies (http:// www. cbiop ortal. 
org/) as a WES cohort (Additional file  1). The study 
flowchart, inclusion and exclusion criteria are shown in 
Additional file 1: Fig. S1. Clinical information of patients 
are shown in Additional file 5: Table S1, and the details 
of material and method was shown in Additional file  4. 
The results of assessment of the WES cohort revealed 
that MED12 mutant (MED12-Mut) patients had a signifi-
cantly longer progression-free survival (PFS) (mPFS: not 
reached, NR vs. 5.87 months, HR: 0.38, 95% CI 0.17–0.85, 
log-rank P = 0.015, Fig. 1A) than that of MED12 wildtype 
(MED12-Wt) patients. This link still existed in the mul-
tivariate-adjusted Cox model incorporating age, gender, 
TMB level, cancer type, and treatment (HR: 0.40, 95% 
CI 0.18–0.92, P = 0.031; Fig.  1B). In addition, MED12-
Mut patients had a better clinical response (ORR: 50.0% 
vs. 29.17%, P = 0.077; DCR: 80.0% vs. 53.67%, P = 0.022, 
Fig.  1C, D) than that of MED12-Wt patients. To vali-
date the predictive value of MED12, the MSKCC cohort 
(n = 1513) was surveyed to determine the relationship 
between MED12-Mut and overall survival (OS). In the 
MSKCC cohort, MED12-Mut patients achieved signifi-
cantly longer OS (mOS: 41 vs. 19 months, HR: 0.54, 95% 
CI 0.34–0.85, log-rank P = 0.007, Fig.  1E) than that of 
MED12-Wt patients. Even taking into account the same 
factors as the WES cohort, the multivariate-adjusted Cox 
model also demonstrated that MED12-Mut was asso-
ciated with significantly better OS (HR: 0.60, 95% CI 
0.38–0.96, P = 0.033; Fig. 1F). To explore the prognostic 
value of MED12, survival analysis was performed in the 
TCGA cohort (non-ICI treatment cohort) according to 
MED12-Mut status. No significant difference was found 
in OS between the ME12-Mut and MED12-Wt subtypes 
(mOS: 84.7 vs. 72.1 months, HR: 0.86, 95% CI 0.71–1.04; 
log-rank P = 0.12, Additional file 3: Fig. S3).

Regarding the outstanding predictive value of MED12 
in pan-cancer immunotherapy, the potential mechanisms 
were investigated. Tumor mutation burden (TMB) and 
tumor neoantigen burden (TNB), which are relevant 
tools for the identification of patients likely to respond 
to ICIs, were studied first. In the immunotherapy cohort 
and TCGA cohort, MED12-Wt tumors had a higher 

TMB than MED12-Wt tumors (all P < 0.05, Fig. 2A–C). In 
addition, in the WES cohort, patients with MED12-Mut 
harbored higher TNB (P = 0.007, Fig.  2D). A previous 
study showed that the loss of MED12 leads to a signifi-
cant upregulation of the immune genes associated with 
DNA repair deficiency [4]. Therefore, the DDR gene set 
was used to explore the differences in DDR pathway vari-
ants between MED12-Mut and MED12-Wt samples. As 
expected, MED12-Mt samples had significantly more 
mutations in the DNA damage response (DDR) pathway 
(Fig.  2E). As a major component of the TME, immune 
infiltrates have been proven to contribute to tumor pro-
gression and immunotherapy responses [6]. Therefore, to 
further investigate the association between anti-tumor 
immunity and MED12-Mut across multiple cancer types, 
the link between MED12 mutation and infiltration of 
immune cells was explored. Tumor-infiltrating lympho-
cytes, especially CD8 T cells and dendritic cells (DC), 
were generally more abundant in MED12-Mut tumors 
than in MED12-Wt tumors across cancer types in TCGA 
(Fig.  2F). In fact, a large number of studies have indi-
cated that the density of TILs is positively related to the 
immune response in various kinds of tumors. Increased 
infiltration of CD8 + T cells in tumors correlates with 
better outcomes [7,  8]. Dendritic cells are often associ-
ated with superior cross-presentation of antigens, which 
results in stronger CD8 + T cell immunity [9]. Our 
results showed that MED12 mutated patients had higher 
levels of CD8 T cells and dendritic cell infiltration, which 
also indicated the increased tumor immunogenicity in 
MED12 mutated patients.

In summary, our study provides solid evidence that 
MED12 mutation is associated with a better clinical out-
come of pan-cancer immunotherapy. Therefore, MED12 
mutation has the potential to serve as a predictive bio-
marker for immune checkpoint inhibitors across cancers. 
Validation of the predictive value in future prospective 
trials and exploration of the molecular mechanism in fur-
ther molecular research are warranted for MED12.
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perform DDR-related gene mutation, tumor-infiltrating immune cells and 
prognostic analyses.
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