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a b s t r a c t 

Neoadjuvant therapy with ipilimumab in combination with high dose IFN 𝛼 was evaluated in patients with lo- 

cally/regionally advanced melanoma in a previously reported clinical trial [NCT01608594]. In this study, periph- 

eral immune cell profiling was performed in order to investigate the underlying mechanisms of tumor immune 

susceptibility and resistance. Peripheral blood mononuclear cells (PBMCs) from treated patients ( N = 28) were 

collected at baseline and then at 6-weeks, 3-months and 12-months. High complexity (14-color) flow cytometry, 

designed to detect key immunological biomarkers was used to evaluate the frequencies of immune cell subsets. 

Statistical significance was determined using R-package employing Kruskal’s test. We found that higher levels of 

Th1 cells at baseline (defined as CD45RA- CCR6- CXCR3 + CCR4-) correlated with the preoperative radiological 

response ( p = 0.007) while higher Th2 cells (defined as CD45RA- CCR6- CXCR3- CCR4 + ) were associated with 

progressive disease ( p = 0.009). A multimarker score consisting of higher levels of Th1 cells and CD8 + central 

memory T-cells was associated with pathologic complete response (pCR) ( p = 0.041) at surgical resection. On the 

other hand, high TIM3 expression on T-cells correlated with gross viable tumor ( p = 0.047). With regard to im- 

mune related toxicity, higher levels of phenotypically naive (defined as CCR7 + CD45RA + ) and effector memory 

(defined as CCR7-CD45RO + ) CD8 + T -cells ( p = 0.014) or lower levels of Th2 cells were associated with lower 

toxicity ( p = 0.024). Furthermore, a multimarker score consisting of higher CD19 + and CD8 + cells was associ- 

ated with lower toxicity ( p = 0.0014). In conclusion, our study yielded mechanistic insights related to the immune 

impact of CTLA4 blockade and IFN 𝛼 and potential biomarkers of immune response and toxicity. 
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Melanoma patients with clinically detected locally and/or region-

lly advanced melanoma have a high risk of recurrence with surgery

lone that approaches 90% at 5 years [ 1 , 2 ]. The successes of novel tar-

eted therapies and immune checkpoint inhibitors in the treatment of

dvanced metastatic melanoma leading to significant improvements in
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isease control and long-term survival [3–6] , have generated consid-

rable interest in testing these approaches in the melanoma adjuvant

nd neoadjuvant settings. Adjuvant cytotoxic T-lymphocyte-associated

rotein 4 (CTLA4) inhibitors and Programmed cell death protein 1 (PD-

) inhibitors in patients with high-risk stage III melanoma following

omplete resection have been shown to improve relapse-free survival in

hase III clinical trials, leading to US Food and Drug Administration ap-
rferon 𝛼2b; IL, Interleukin; MDSCs, myeloid-derived suppressor cell; PBMCs, 

ell immunoglobulin mucin-3; Tregs, regulatory T cells. 
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roval of ipilimumab, nivolumab and pembrolizumab for resected high-

isk disease [7–9] . More recently, these agents have been investigated

n the neoadjuvant setting and results have been encouraging [10–14] . 

In melanoma patients, it has been observed that the quality of the

ost immune response differs markedly between earlier and more ad-

anced stages of melanoma where patients with advanced disease tend

o display a peripheral T cell response characterized by Th2-type po-

arization compared to Th1-type polarization in earlier operable stages

 15 , 16 ]. Use of CTLA4 blockade and Interferon- 𝛼 (IFN 𝛼) can upregulate

ro-inflammatory immune responses, potentially shifting the balance

owards Th1 [ 17 , 18 ]. IFN 𝛼 affects dendritic cells at different stages of

evelopment [19] , and in immature states IFN 𝛼-treated dendritic Cells

an induce a ‘polarized’ Th1 cytokine microenvironment [20] . Similarly,

FN 𝛼 can polarize lymphocytes toward a pro-inflammatory Th1 pheno-

ype [ 21 , 22 ] and further augment antitumor CD8 + T cell-mediated cy-

otoxicity [23] . However, this Th1 shift in immunity induced by IFN 𝛼

an be suppressed by inhibitory effects mediated by CTLA4 signaling.

ence, a potential synergistic mechanism exists whereby combining

FN 𝛼 with CTLA4 blockade can potentially alter this balance by down-

egulating the CTLA4 suppressive regulatory elements, thus leading to

ustained antitumor responses. Based on this hypothesis, patients with

ocally and/or regionally advanced melanoma were treated with neoad-

uvant combination immunotherapy of ipilimumab and high dose IFN 𝛼

n a previously reported clinical trial [10] . 

Recent neoadjuvant immunotherapy studies have uncovered a num-

er of important antitumor mechanisms utilizing peripheral blood and

umor tissue specimens collected before and during the course of treat-

ent [ 14 , 24 ]. For instance, Blank and colleagues showed that neoadju-

ant nivolumab and ipilimumab treatment led to peripheral expansion

f CD8 + T cell clones following treatment that were identified in the

rimary tumor and it was associated with improved relapse free sur-

ival (RFS) [12] . Similarly, a recent study indicated that higher RFS

as noted in patients with brisk lymphocyte infiltration into the tumor

s compared to patients with lower lymphocyte infiltration who were

ndergoing treatment with neoadjuvant pembrolizumab, underpinning

he hypothesis that increased T cell infiltration in tumor is associated

ith a more robust inflammatory response and high response rate [11] .

In this present study, we conducted an in-depth immune moni-

oring study centered on peripheral blood of patients with locally-

egionally advanced melanoma undergoing neoadjuvant treatment with

pilimumab and IFN 𝛼. Peripheral blood was collected at baseline and

ifferent time points along the course of treatment and high complex-

ty (14-color) flow cytometry was employed to determine distinct T-cell

ubsets. Our aim was to identify associations of circulating immune cell

opulations with both radiological and pathological responses, and to

etter understand the underlying biologic processes driving responses,

esistance and the risk of immune related toxicities. 

atients and methods 

atients 

Patients with operable locally-regionally advanced melanoma were

nrolled in this study and were treated with 3 or 10 mg/kg ipili-

umab given concurrently with IFN 𝛼 [10] . Two doses of ipilimumab

ere administered 3 weeks apart, followed by melanoma resection

urgery at about 6–8 weeks from the first dose. Two additional doses

f ipilimumab were administered after surgery, also given 3 weeks

part, followed by up to 4 additional doses given 12 weeks apart.

FN 𝛼 was administered concurrently at a dose of 20 MU/m 

2 /day

ntravenously for 5 consecutive days per week for 4 weeks, followed

y 10 MU/m 

2 /day subcutaneously (S.C.) every other day, 3 times each

eek for 2 weeks prior to definitive surgery. After surgery, IFN 𝛼 was

esumed at 10 MU/m 

2 /day S.C., every other day three times a week for

6 additional weeks. The study was initiated after approval from the

nstitutional review board (IRB) and was conducted in accordance with
2 
he Declaration of Helsinki. A University of Pittsburgh IRB approved

ritten informed consent (IRB# PRO12020161) was obtained from all

atients participating in the study [10] . 

esponse and toxicity assessment 

The tumor response assessment was performed using modified World

ealth Organization (mWHO) criteria on imaging studies conducted at

aseline, 6–8 weeks after initiation of therapy (before surgery) and every

 months thereafter. Radiological responses were categorized as com-

lete response (CR), partial response (PR), stable disease (SD) or pro-

ressive disease (PD). Pathologic complete response (pCR) was assessed

t the time of definitive surgery and defined as no viable malignant

ells on hematoxylin and eosin staining by histological assessment. In

ddition, overall survival (OS) and relapse-free survival (RFS) data were

racked. The descriptions and grading scales of the NCI Common Termi-

ology Criteria for Adverse Events (CTCAE) version 4.0 were used for

dverse event grading and reporting. 

ollection of peripheral blood samples 

Blood was drawn into heparin (for peripheral blood mononuclear

ells; PBMC) tubes and processed by the Immunologic Monitoring Lab

pon receipt. PBMC from eligible and treated patients ( N = 28) on this

rial were collected at baseline (before initiating neoadjuvant therapy),

nd then at 6-weeks, 3-months and 12-months (following the initiation

f neoadjuvant ipilimumab-IFN 𝛼). 

low cytometry 

Flow cytometry was performed on cryopreserved PBMCs at Navi-

ate BioPharma Laboratory, Carsbad, CA. Briefly, cryopreserved PBMCs

ere thawed quickly in a 37 °C water bath and washed by centrifuga-

ion with pre-warmed RPMI medium containing 10% FBS. After wash-

ng, cells were stained with fixable viability dye eFluor TM 506 (Thermo

isher Scientific, San Diego, CA) at a dilution of 1:400 in wash buffer

phosphate-buffered saline containing 0.1% sodium azide and 2% fetal

ovine serum) followed by staining with fluorochrome tagged antibod-

es for approximately 30 min at room temperature in the dark. After in-

ubation, cells were washed once by centrifugation in wash buffer and

xed using 0.5% formalin buffer. For characterization of different im-

une cell subsets including phenotypically Th1 & Th2 cells, cell surface

arkers based on standardized immunophenotyping recommendations

s described in Maecker et.al., [25] were included. The following an-

ibodies were used; CD3 (UCHT1), CD4 (RPA-T4), CD8 (SK1), CD11b

ICRF44), CD14 (M5E2), 63G8, CD19 (SJ25C1), CD25 (M-A251), CD33

WM53), CD45 (HI30), CD45RA (HI100), CD45RO (UCHL1), CD183

1C6/CXCR3), CD194 (1G1/CCR4), CD197 (150,503/CCR7)), CD366

7D3/Tim-3), HLA-DR (G46–6), from BD Biosciences (San Jose, CA).

dditional antibodies were obtained from Biolegend (San Diego, CA),

ncluding CD27 (O323), CD196 (G034E3/CCR6), or from ThermoFisher

Carlsbad, CA), CD123 (6H6), CD127 (eBioRDR5). Stained Samples

ere acquired on a BD LSRFortessa X-20 equipped with 5 lasers (BD

iosciences, San Jose, CA) and data were analyzed using FlowJo soft-

are (FlowJo LLC, Ashland, OR). 

For data analysis, after exclusion of debris and dead cells, B cells

ere gated based on the expression of CD19 and T cells were gated based

n the expression of CD3. T cells were further gated for CD4 + and CD8 +
ubsets. Both CD4 + and CD8 + cells were then subsequently analyzed for

he expression of various markers to define helper T cell subsets, regu-

atory T cells (Tregs), memory T cell subsets and checkpoint inhibitor

xpression. MDSCs were gated from HLA-DR- CD123-CD16- cells based

n the expression of CD33, CD11b and CD14. Gate placement for all

heckpoint inhibitors was set based on isotype controls with a summary

f gating strategy for different populations shown in supplementary Fig-

re 1. Phenotypic characterization of each of the populations reported is
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Table 1 

Patient demographics and baseline disease characteristics of the enrolled patients in the clinical trial (as previously reported in [10] ). 

Variable No. of Patients (%) 

Age (years); Median (range) 61 (37–76) 

Cutaneous primary 21 (70) 

Unknown primary 8 (27) 

Mucosal 1 (3) 

Gender Female 12 (40) 

Male 18 (60) 

Performance 

Status 

0 16 (53) 

1 14 (47) 

BRAF mutation ( + ) 8 (27) 

BRAF wild type 13 (43) 

Unknown 9 (30) 

Recurrent disease after prior surgery 15 (50) 

Presence of in-transit metastases 16 (53) 

Prior adjuvant HDI 5 (17) 

Estimated risk Stage IIIB 3 (10) 

IIIC 25 (83) 
∗ IV (Not eligible) 2 (7) 

HDI: High-dose interferon-a; ECOG: Eastern Cooperative Oncology Group. 
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ncluded in supplementary Table 1. Mean frequencies of representative

iomarker populations at baseline as a fraction of total WBCs (leuko-

ytes) are shown in supplementary Table 2. 

tatistical data analysis 

Multimarker assessments were performed by calculating Z-score for

ach biomarker (z score = (xi – mean) / sd) to analyze all biomark-

rs on the same scale. After Z-score transformation, each biomarker

as a distribution with mean zero and standard deviation of 1. Follow-

ng which, P-values of the combined biomarkers (multi-marker assess-

ents) were calculated using Kruskal-Wallis to assess the differences

etween groups. Briefly, the statistical significance of the associations

f the tested biomarkers to patient response or toxicity was determined

sing R-package employing a non-parametric Kruskal’s test, with a p-

alue below 0.05 considered to be of statistical significance. 

esults 

atient population, clinical efficacy and safety 

Patient demographics and baseline disease characteristics of the 30

nrolled patients in the clinical trial are summarized in Table 1 [10] .

ifteen patients each were treated with ipilimumab at 3 mg/kg and

0 mg/kg respectively and INF 𝛼 was given concurrently. Among 28

valuable patients, 11 relapsed, of whom 5 died. The median follow-

p period of 17 patients who had not relapsed was 32 months. Based

n mWHO criteria, radiological response was noted in 10 patients (1 CR

nd 9 PR), 10 patients showed SD and 7 patients showed radiologic pro-

ression of disease. Combination neoadjuvant therapy achieved patho-

ogic complete response in 9/28 patients (32%). With regard to patient’s

afety, the toxicities noted were consistent with the known profiles of the

rugs and most common adverse events included maculopapular rash,

levation of the liver enzymes and gastrointestinal disturbances. Fur-

her, clinical efficacy and toxicity data were reported previously [10] . 

orrelation of immunological biomarkers with radiologic response 

To examine whether any immunological biomarkers were associ-

ted with radiologic response, we compared peripheral immune cells

etween patients with pre-operative radiologic response (defined as CR,

R, SD) and patients with progression of disease (PD). We observed that

atients with preoperative radiological response demonstrated higher

evels of Th1 cells in baseline PBMC samples (defined as CD45RA- CCR6-

XCR3 + CCR4-) ( p = 0.0070), while higher Th2 cells in baseline PBMC
3 
amples (defined as CD45RA- CCR6- CXCR3- CCR4 + ) were associated

ith progressive disease ( p = 0.0092) ( Fig. 1 A). Interestingly, lower lev-

ls of peripheral Tregs (defined as CD4 + CD25 + CD127lo) ( p = 0.0233)

nd MDSCs (defined as HLA-DR- CD11b + CD33 + CD14 + ) ( p = 0.0507)

ere seen at 3-months post treatment in patients exhibiting a radiologic

esponse in comparison to radiological non-responders ( Fig. 1 B). 

orrelation of immunological biomarkers with pathologic complete response

Next, we evaluated if levels of any peripheral immune phenotypes

ere associated with pCR. In multi-marker assessments, we found that

atients with higher levels of Th1 cells and CD8 + central memory T-

ells at baseline experienced superior pCR rate ( p ≤ 0.05) ( Fig. 2 A).

n the other hand, higher checkpoint inhibitor expressing T-cells in-

luding higher TIM3 expressing T-cells at baseline correlated with

ross viable tumor (no pCR) ( p ≤ 0.05) ( Fig. 2 A). Individually, lower

regs ( p = 0.0407) at 6-months as well as higher CD8 central mem-

ry cells at 12-months post treatment ( p = 0.0098) correlated with pCR

 Fig. 2 B). 

ssociation of peripheral immune cells with clinical toxicity 

To examine any correlative findings between peripheral immune

henotypes with immune related toxicity, we stratified patients into

wo groups- patients with no or lower toxicity (less than Grade 2) and

atients with significant toxicity (Grade 2 or higher). In multi-marker

ssessments, we observed that higher levels of CD8 + T cells including

henotypically naive (CD8 + CCR7 + CD45RA + ) and effector memory

CD8 + CCR7- CD45RO + ) CD8 + T cells ( p = 0.0140) at baseline were as-

ociated with lower or no toxicity ( Fig. 3 ). On the other hand, lower

evels of Th2 cells at baseline were also associated with lower or no tox-

city ( p = 0.0243). In addition, a multi-marker score consisting of higher

D19 + and CD8 + cells was associated with lower toxicity ( p = 0.0014)

 Fig. 3 ). 

orrelation of immunological biomarkers with survival 

Next, we examined if the levels of any peripheral immune cell phe-

otypes were associated with survival. We observed that higher levels of

D8 + central memory cells at baseline was associated with 12-month

elapse free survival ( P = 0.0098) ( Fig. 4 ). On the other hand, higher

xpression of CD8 + TIM3 + cells was associated with worse relapse-

ree survival ( P = 0.074) ( Fig. 4 ). No significant association was demon-

trated between peripheral immune cells and other survival parameters.
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Fig. 1. Correlation of immunological biomarkers with radiologic response. (A) Patients with higher levels of Th1 cells in baseline PBMCs samples (defined as 

CD45RA- CCR6- CXCR3 + CCR4-) demonstrated preoperative radiological response (RR) ( p = 0.0070) while patients with higher Th2 cells in baseline PBMCs samples 

(defined as CD45RA- CCR6- CXCR3- CCR4 + ) were associated with progressive disease ( p = 0.0092). (B) Patients with lower levels of MDSCs (defined as HLA-DR- 

CD11b + CD33 + CD14 + ) ( p = 0.0507) and regulatory T cells (defined as CD4 + CD25 + CD127lo) ( p = 0.0233) at 3-months demonstrated radiological response. 

Fig. 2. Correlation of immunological biomarkers with pathologic response. (A) Multi-marker assessments showed higher levels of Th1 cells and CD8 + central memory 

T-cells at baseline associated with superior pCR rate ( p = 0406) in patients while higher TIM3 expression on CD4 + and CD8 + T -cells at baseline correlated with gross 

viable tumor (no pathologic response) ( p = 0472). (B) Individually, lower levels of Tregs ( p = 0.0407) at 6 months as well as higher levels of central memory CD8 

cells ( p = 0.0098) at 12 months post treatment correlated with pCR. 
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iscussion 

In this study, we performed a detailed phenotypic analysis of the

eripheral T-cell compartment in melanoma patients receiving combi-

ation ipilimumab and IFN 𝛼. A strong association with favorable clinical

utcomes was the presence of higher levels of peripheral Th1 immune

ell subsets at baseline while the presence of higher baseline levels of

h2 cell subsets was associated with poorer outcomes. It is known that
4 
he induction of optimal systemic antitumor immune response requires

riming of both CD4 + and CD8 + T cells specific for tumor-associated

ntigens. Apart from cytotoxic CD8 + T cell-mediated antitumor killing,

D4 + T lymphocytes play an important role in generating effector an-

itumor T cell responses, in licensing dendritic cells and in maintain-

ng immunologic memory [26-28] . CD4 + T cells mediate their effects,

n part, by the production of specific cytokines. The Th1 favoring cy-

okines (IFN- 𝛾, tumor necrosis factor- 𝛼, and IL-2) classically support cy-
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Fig. 3. Association of peripheral immune cells with clinical toxicity. Multi- 

marker assessments revealed higher levels of (A) CD19 + B -cells and CD8 + T - 
cells ( p = 0.0013) or (B) phenotypically naive CD8 + and effector memory (EM) 

CD8 + T -cells ( p = 0.0140) associated with lower or no toxicity in patients. In ad- 

dition, (C) lower levels of CD4 + naive and Th2 cells were associated with lower 

or no toxicity ( p = 0.0243) and vice versa . 
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Fig. 4. Correlation of immunological biomarkers with relapse free survival. 

Higher levels of CD8 + central memory cells at baseline were associated with 

12-month relapse free survival ( P = 0.0098). On the other hand, higher levels of 

CD8 + TIM3 + cells was associated with worse relapse-free survival ( p = 0.074). 
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otoxic T lymphocyte (CTL) responses, while the Th2 cytokines (IL-4,

L-5, IL-10) support generation of antibody responses and are antag-

nistic to induction of CTL responses. Further, T regulatory cells in-

ibit the pathogenic effect of Th1 cells by secreting anti-inflammatory

ytokines [29] . Relevant to this consideration, our findings corrobo-

ated existing evidence as it was seen that the presence of higher levels

f Th1 cells at baseline in the peripheral blood of melanoma patients

orrelated with preoperative radiological response ( p = 0.0070) while

igher Th2 cells at baseline were associated with progressive disease

 p = 0.0092). In accordance with above, a higher multi-marker score

onsisting of Th1 cells and CD8 + central memory T-cells correlated with

CR ( p = 0.0406). Previous studies have shown that patients with ad-

anced measurable malignancy may have Th2-dominant responses in

heir peripheral blood, whereas those rendered clinically free of disease

ay have Th1-dominant responses [15] . In a study involving metastatic

elanoma patients undergoing treatment with ipilimumab, higher base-

ine frequencies of CD8 effector-memory type 1 T-cells correlated with

etter clinical outcomes and longer OS [30] . Furthermore, we previously

eported that in advanced melanoma patients treated with neoadjuvant

pilimumab monotherapy, increased expression of Th1 associated gene

arkers within the tumors was associated with improved RFS, although
5 
he clinical activity was very limited overall in that study with a 9%

adiologic response rate and no patient achieved a pCR [31] . This sug-

ests that IFN 𝛼 can induce pro-inflammatory changes mediating anti-

umor immunity within the tumor microenvironment that are further

nhanced with CTLA4 blockade. 

It was evident in this study that patients with higher expression of im-

unosuppressive markers in the peripheral blood were associated with

oor outcomes. We observed that higher TIM3 expression on periph-

ral T-cells correlated with gross viable tumor at the time of surgery

 p = 0.0472). Further, higher expression of CD8 + TIM3 + cells was as-

ociated with worse RFS ( p = 0.074). TIM3 is expressed on the surface

f immune cells that upon ligation, limit the duration and magnitude

f Th1 and Tc1 T cell responses, thus associated with poor outcomes

 32 , 33 ]. Further, TIM-3 is found to be upregulated on CD4 + T cells in

ancer patients and is an exhaustion marker for Th1 cells [34] . In agree-

ent with our results, previous work by Tallerico et al. also showed

hat higher expression of TIM-3 on circulating T and Natural killer cells

rior to and during treatment with ipilimumab in melanoma patients

as associated with poor survival outcomes [35] . These observations

aise the possibility that pharmacologic inhibition of TIM-3 or its rel-

vant downstream signals could offer potential synergistic antitumor

ctivity by restoring T cell function and thus enhancing the clinical ef-

cacy of the tested combination immunotherapy. 

Phenotypic state of immune cells provides comprehensive informa-

ion about the patient’s immune status [36] Populations dominated with

uppressive elements such as Tregs or MDSCs may potentially coun-

eract the beneficial effect of ipilimumab or IFN 𝛼 [37] . Hence, these

re especially promising biomarker candidates because of their reason-

bly well-defined inhibitory mechanisms. A number of previous stud-

es have found poor outcomes in patients with high circulating sup-

ressive effector cells such as Tregs and MDSCs and our observations
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hat both lower Tregs (0.0233) and lower MDSCs ( p = 0.0507) at 3-

onths post treatment correlated with better radiological response are

n alignment with previous publications. For example, in melanoma

atients treated with Ipilimumab, decreased amounts of both mono-

ytic and polymorphonuclear MDSCs correlated with superior clinical

utcomes [38–40] . Similarly, lower baseline levels of circulating Tregs

CD4 + CD25hi + CD39 + ) correlated with a better RFS ( p = 0.04) in pa-

ients with locally/regionally advanced melanoma treated with neoad-

uvant ipilimumab [41] . Critical mechanistic questions remain open,

owever, targeting the immunosuppressive cells remain a potential ther-

peutic strategy with the ultimate goal to boost antitumor immunity. 

Finally, our analysis revealed positive correlations between levels of

pecific immune phenotypes at baseline with immune mediated toxic-

ty . It was observed that patients with higher levels of CD8 + T cells in

eripheral blood at baseline including phenotypically naive and effec-

or memory CD8 + T -cells experienced lower (less than grade 2) or no

oxicity ( p = 0.0140). Further, patients with lower levels of Th2 cells

t baseline in peripheral blood also experienced lower or no toxic-

ty ( p = 0.0243). In addition, a multi-marker score consisting of higher

D19 + and CD8 + cells was associated with lower toxicity ( p = 0.0014).

hile a direct mechanistic explanation for these interesting findings

ay warrant further investigation, we speculate that a Th2 favoring

mmune profile state at baseline (lower CD8, CD19 cells) exacerbates

he known toxicity profile associated with ipilimumab therapy. Hence,

 Th1 favoring immune profile observed here at baseline not only re-

uced the toxicity but also resulted in better clinical response. These

bservations may be clinically interesting as they complement analyses

n metastatic melanoma, renal cell carcinoma, and sarcoma, wherein

igh baseline levels of tumor-associated CD8-positive T cells and CD20-

ositive B cells were associated with improved survival after ICI treat-

ent, while, patients with low B-cell tumor infiltration had a signifi-

antly increased risk of death [42] and presence of high B-cell num-

ers are required for optimal function of T cells [43] . Furthermore, tu-

ors containing B-cell–rich aggregates are thought to provide a gateway

or entry of naive lymphocytes and invoke sustained T-cell responses

 44 , 45 ]. 

Several reports have corroborated possible mechanistic pathways

nd immune cell interactions leading to immune related toxicity in

atients treated with CTLA4 inhibitors. We reported that circulating

L-17 levels at baseline significantly correlated with the incidence of

igh grade immune related colitis in melanoma patients treated with

pilimumab [46] . Another study found that lower baseline levels of

nterleukin-6 in melanoma patients had higher risks of ipilimumab tox-

city [47] . It may be hypothesized that the net rise of these proinflam-

atory cytokines secondary to checkpoint inhibitor therapy may be a

eterminant of immune toxicity. There is an unmet need of biomark-

rs predictive for severe autoimmunity as it may improve the individ-

al risk/benefit assessment. Further, there have been conflicting reports

f whether occurrence of autoimmune toxicity correlates with clinical

enefit. A number of studies have reported a positive association be-

ween incidence of immune related adverse events (irAEs) and durable

esponse or OS for patients treated with anti-CTLA4 [48] , while others

ound no similar association [ 49 , 50 ]. Whether or not irAEs correlates

ith tumor response, it is becoming increasingly evident that many pa-

ients with irAEs continue to experience tumor regression/clinical bene-

t from immunotherapy, even after treatment is discontinued secondary

o toxicity [ 3 , 51 ]. This is because blockade of immune pathways confers

n adaptive memory immune response that recalibrates the equilibrium

etween the tumor and the host immune response [ 52 , 53 ]. 

onclusion 

Our analysis provides evidence that the presence of an ongoing adap-

ive Th1 and CD8 + central memory T cell immunity in the circulation

f melanoma patients is more likely to drive benefit from anti-CTLA4-

ased immunotherapy. It provides additional mechanistic insights re-
6 
ated to the immune impact of CTLA4 blockade and IFN 𝛼 that may have

elevance for future combination immunotherapy studies. 
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