
Title. Examining the host immune response to cutaneous squamous cell carcinoma in chronic 
lymphocytic leukemia 
 
Specific Aims. This pilot study will examine the host immune response to cutaneous squamous cell 
carcinoma (cSCC) in patients with chronic lymphocytic leukemia (CLL).  
     Aim 1: To compare the host immune response between CLL and immunocompetent patients.  
     Aim 2: To measure the density of CLL B cells surrounding cSCC from CLL patients. 
     Aim 3: To evaluate whether the host immune response correlates with clinical outcomes.   
  
Background and Significance. Hematologic malignancies are an important risk factor in the 
development of cSCC. The most common type of leukemia, CLL is characterized by proliferating 
monoclonal B cells that are immunologically disruptive and that accumulate in organs, disrupting 
organ function1. Patients are immunocompromised from the leukemia itself, as well as from 
treatment. CLL patients have a 3-8 fold higher incidence of cSCC and have higher rates of local 
recurrence, metastasis, and death after Mohs surgery2-6. A high CLL stage is a risk factor for poor 
outcomes7. Furthermore, CLL patients with locally advanced or metastatic cSCC have a reduced 
response rate to immunotherapy compared to immunocompetent patients8.  
 
Mohs surgeons have published findings of a dense lymphocytic infiltrate surrounding cSCC from CLL 
patients9-11. This infiltrate reflects the host’s immune response against tumor, a well-documented 
interaction mediated by host T cells. Modulating this T cell response is the target of immune 
checkpoint inhibitors, which have transformed the treatment of advanced cSCC12. However, the host T 
cell response to cSCC in CLL patients has not been well characterized.  
 
Cytotoxic CD8+ T cells (Tc) drive the immune response against cancer13. FOXP3+ regulatory T cells 
(Treg) suppress Tc and the host immune response, and cSCC recruit Treg to the tumor site, promoting 
a favorable growth environment14,15. Data from organ transplant recipients indicate that Tc and Treg 
activity is aberrant in immunocompromised patients; specifically, organ transplant recipients have a 
lower number of peri-tumor Tc, as well as a higher ratio of Treg:Tc, favoring cSCC growth16,17. To our 
knowledge, there is no data on whether this aberrant response is also present in CLL.  
 
Hypotheses. (1) CLL patients have a higher Treg:Tc ratio compared to immunocompetent controls, 
indicating an impaired host immune response; (2) Among CLL patients, there is a greater density of 
CLL B cells around high-risk cSCC compared to low risk cSCC, suggesting a pro-tumorigenic role of 
CLL B cells.  
 
Preliminary Studies. Otley et al. evaluated the lymphocytic infiltrate around non-melanoma skin 
cancers from 56 CLL and 105 immunocompetent patients9. They showed that CLL patients are more 
likely to have a dense peri-tumor lymphocytic infiltrate, that this infiltrate contains CLL B cells, and 
that tumors from CLL patients were more likely to have subclinical extension, suggesting that CLL B 
cells may be cSCC-supportive.   
 
Portions of this project will be performed in Chrysalyne Schmults’ lab, which studies desmoplastic 
cSCC and the role of desmoplasia in blocking T cells from reaching the cSCC. Their data show that 
desmoplasia is associated with fewer peri-tumor T cells and greater T cell exhaustion18. The lab has 
optimized using multispectral immunofluorescence to compare T cell subsets on cSCC samples. This 
includes using a machine learning approach to identify T cell types on immunofluorescence images.  
 
Methods. The Brigham and Women’s Hospital (BWH) Mohs database collects comprehensive 
information on tumor characteristics and clinical outcomes. The database has been queried to identify 
10 CLL patients who have had both a high-risk SCC (defined as BWH stage T2b or T3) and a low-risk 
SCC treated between 2016 and 2021. This design allows us to compare high risk cSCC to low risk 



cSCC, with patients acting as their own internal control. We will also identify 10 healthy controls 
matched for age, gender, and history of SCC. The database has a corresponding repository which 
contains cSCC tissue. To determine study inclusion, we will review the corresponding H&E slides and 
include only cSCC with a dense peri-tumor lymphocytic infiltrate. For each included tumor, two 
additional cuts will be obtained for immunofluorescence and imaging mass cytometry. 
 
We will first confirm the presence of T cells and CLL B cells in the peri-tumor infiltrate using 
immunofluorescence performed in Chrysalyne Schmults’ lab. Next, we will quantify peri-tumor Treg, 
Tc, and CLL B cells using imaging mass cytometry. Compared to immunofluorescence, imaging mass 
cytometry provides much higher resolution (at the subcellular level) and preserves the tissue 
architecture, allowing us to visualize the spatial relationship between T cells, CLL B cells, and cSCC. 
The technique uses antibodies labeled with heavy metals; up to 40 antibodies are added to a single 
slide, which is divided into 1 µm2 pixels. A laser ablates each pixel sequentially, releasing the heavy 
metals, which are identified by mass spectrometry. Pixel-level data are combined to form a map of the 
cSCC microenvironment19,20.  We will use Standard BioTools, a company that produces imaging 
instruments and that provides imaging mass cytometry services. 
 
Aim 1: To compare the host immune response between CLL and immunocompetent patients. 
To evaluate the host immune response, we will use imaging mass 
cytometry to measure the density of Treg and Tc in the cSCC 
microenvironment and will calculate a Treg:Tc ratio for each 
cSCC. We will use the T test to compare the Treg:Tc ratio between 
cSCC from CLL patients and matched controls (comparison [1]). 
We hypothesize that CLL patients have a higher Treg:Tc ratio, 
indicating an impaired immune response. For sensitivity analysis, 
we will compare the Treg:Tc ratio between high risk cSCC from 
CLL patients and controls [2], as well as between low risk cSCC 
from CLL patients and controls [3]. Furthermore, to determine 
whether the Treg:Tc ratio correlates with tumor aggressiveness, we will compare the Treg:Tc ratio 
between high-risk and low risk cSCC among CLL patients [4] and among controls [5].  
 
Aim 2: To measure the density of CLL B cells surrounding cSCC from CLL patients. 
To investigate the role of CLL B cells in the host immune response, we will use imaging mass 
cytometry to measure the density of peritumor CLL B cells. We will use T test to compare the density 
of CLL B cells between high-risk SCC and low-risk SCC from CLL patients (n=5 per group). We will 
also measure the distance between each lymphocyte subset (Treg, Tc, CLL B cell) and the cSCC to 
examine whether CLL B cells form a physical barrier between Tc and cSCC.  
 
Aim 3:  To evaluate whether Treg:Tc ratio and CLL B cell density correlate with clinical outcomes.   
Retrospective chart review will be performed for all patients to determine tumor characteristics 
(including diameter, depth of invasion, differentiation, and presence of perineural invasion) and 
presence/absence of a poor clinical outcome (defined as local recurrence or regional metastasis). For 
the CLL and control group (n=10 each), logistic regression will be used to evaluate whether Treg:Tc 
ratio and/or CLL B cell density correlates with poor clinical outcomes.  
  
Organizational Structure. This research will be conducted at Brigham and Women’s Hospital 
(BWH). Emily Ruiz, the director of the Dana Farber Cancer Institute (DFCI) High-Risk Skin Cancer 
Clinic, will serve as the primary mentor. The following faculty will also advise: Chrysalyne Schmults, 
who runs a translational research lab at BWH; Adriano Piris, a BWH Dermatopathologist who 
specializes in cutaneous oncology; and Inhye Ahn, an oncologist at DFCI who treats CLL. The BWH 
Dermatology department provides wide-ranging support for research, including a dedicated 
statistician and faculty who oversee both a basic science and a clinical research program.  
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