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Abstract

Purpose—Pathologic response assessment of tumor specimens from patients receiving systemic 

treatment provide an early indication of therapeutic efficacy and predict long-term survival. 

Grading systems for pathologic response were first developed for chemotherapy in select tumor 

types. Immunotherapeutic agents have a mechanism of action distinct from chemotherapy and are 

being used across a broad array of tumor types. A standardized, universal scoring system for 

pathologic response that encompasses features characteristic for immunotherapy and spans tumor 

types is needed.

Experimental Design—Hematoxylin and eosin-stained slides from neoadjuvant surgical 

resections and on-treatment biopsies were assessed for features of immune-related pathologic 

response (irPR). 258 specimens from patients with 11 tumor types as part of ongoing clinical trials 

for anti-PD-1 were evaluated. An additional 98 specimens from patients receiving anti-PD-(L)1 in 

combination with other treatments were also reviewed, including those from three additional 

tumor types.

Results—Common irPR features (immune activation, cell death, tissue repair, regression bed) 

were present in all tumor types reviewed, including melanoma, non-small cell lung, head and neck 

squamous cell, Merkel cell, and renal cell carcinoma, amongst others. Features were consistent 
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across primary tumors, lymph nodes, and distant metastases. Specimens from patients treated with 

anti-PD-(L)1 in combination with another agent also exhibited irPR features.

Conclusion—irPR features are consistent across tumor types and treatment settings. 

Standardized, pan-tumor immune-mediated pathologic response criteria (irPRC) are defined and 

associated specimen-handling considerations are described. Future, prospective studies are merited 

to validate irPRC in larger datasets and to associate pathologic features with long-term patient 

outcomes.
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Introduction

There are over 100 active clinical trials testing neoadjuvant immune checkpoint blockade in 

cancer. It will be another 5–10 years before definitive long-term survival data are available 

for the majority of these cohorts. As such, there is great interest in developing earlier 

measures of therapeutic efficacy. The definitive surgical resection specimen of treated tumor 

provides a unique window at an early timepoint to assess treatment effect and potentially 

predict disease-free and overall survival. Specimens are typically obtained following 4–12 

weeks of treatment, meaning that information regarding the treatment’s effect on the tumor 

is potentially available in a few months, rather than years. Approaches to scoring pathologic 

response in the tumor resection specimen and an association with long-term survival were 

first reported in the context of cytotoxic chemotherapy. Separate approaches emphasizing 

different histologic features were developed for each tumor type, Table 1, and even within a 

given tumor type.1–14 Despite these differences, the broad theme has been consistent, which 

is that the amount of residual tumor after neoadjuvant treatment inversely correlates with 

long-term outcomes..

Many ongoing clinical trials for neoadjuvant immunotherapy plan to use pathologic response 

as a surrogate endpoint for clinical efficacy. Some trials are adopting scoring systems 

developed for chemotherapy. There are several limitations to this approach. First, there are 

well-established mechanistic differences between immunotherapy and cytotoxic 

chemotherapy, and the microscopic appearance of treatment effect will likely not translate 

directly. Either under-estimation or over-estimation of pathologic response can adversely 

affect a patient’s care with an unnecessary change in therapy made in the former scenario 

and a potential missed opportunity to switch to a more efficacious regimen in the latter 

scenario. It is also possible that additional, more extensive surgery can be avoided in certain 

patients who achieve pathologic response following neoadjuvant immunotherapy, and thus it 

is essential that the pathologic response evaluation captures immunotherapy-related 

histologic changes. Another limitation is that scoring systems for pathologic response to 

neoadjuvant chemotherapy are generally limited to the primary tumor only. Scoring of 

associated disease in regional lymph nodes for most tumor types is limited to the number of 

nodes involved and the largest tumor deposit, with no assessment of treatment response for 

these lesions. Additionally, there are tumor types such as melanoma or Merkel cell 

carcinoma (MCC) where the primary tumor has already been resected and response to 
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therapy must be assessed in regional lymph node metastatic deposits. Lastly, chemotherapy 

scoring systems were only developed for a few select tumor types, and there is a lack of 

consistency both within and across tumor types, Table 1. Numerous other tumor types are 

currently being treated with neoadjuvant immunotherapy, which do not have a pre-existing 

chemotherapy precedent for assessing pathologic response.

Proposed scoring approaches for pathologic response assessment for non-small cell lung 

cancer (NSCLC) and melanoma treated with neoadjuvant immunotherapy were recently 

reported by Cottrell, et al and Tetzlaff, et al, respectively.15,16 These proposals have many 

similarities, but also key differences including the scoring increments used (e.g. partial 

pathologic response definition), whether a primary vs. metastatic lesion was assessed, 

whether necrosis is scored as therapeutic response, and the assessment of tumoral melanosis 

as therapeutic effect in the case of melanoma. Here, we propose a pan-tumor approach to 

scoring pathologic response to immunotherapy that takes into account the common 

histologic features associated with treatment response for this class of agents. Importantly, 

these features are not limited to primary tumors but may also be assessed in lymph nodes 

(Figure 1) and advanced metastatic disease, where initial studies have shown they correlate 

with 5-year survival.17 A universal approach has many advantages; it, 1) allows direct 

comparisons of relative therapeutic efficacy across different trials and tumor types; 2) 

supports assessment of response for pan-tumor therapeutic indications such as mismatch-

repair deficient cancers; 3) provides a scoring system for tumor types not previously treated 

in the neoadjuvant setting; 4) allows for assessment of response in cases where the primary 

tumor is no longer intact, and also provides the opportunity to assess for response in organs 

involved by clinically-occult disease; 5) avoids the development of multiple scoring systems 

that are potentially confusing to pathologists once they enter the clinical arena (e.g., as seen 

with PD-L1 immunohistochemical assays); and 6) provides a standardized assessment of 

specimens to facilitate expanded biomarker discovery efforts.

Features of pathologic response following immune checkpoint blockade

Cottrell, et al., analyzed specimens from the first published anti-PD-1 neoadjuvant lung 

cancer trial18 to characterize immune-related pathologic response (irPR) in patients with 

NSCLC. Key findings on routine hematoxylin and eosin staining included: 1) immune 
activation, as indicated by lymphoid infiltrates, tertiary lymphoid structures, and plasma 

cells (the last two suggesting an orchestrated B-cell contribution); 2) cell death, signified by 

foamy macrophages and cholesterol clefts; and 3) the identification and histologic 
description of a tumor regression bed (i.e., original tumor site that has now been cleared), 

including features of tissue repair, in particular proliferative fibrosis (high fibroblast 

nuclei:collagen ratio) and neovascularization. The regression bed is often peripheral to the 

residual tumor (Figure 1).15

We have now reviewed over 250 anti-PD-1-treated specimens from 11 tumor types and have 

observed similar features. Specifically, irPR was seen in definitive surgical specimens from 

patients with cervical carcinoma, vulvovaginal carcinoma, head and neck squamous cell 

carcinoma, melanoma, MCC, NSCLC, and renal cell carcinoma receiving neoadjuvant anti-

PD-1 (Table 2, Figure 2). On-treatment biopsies (core, punch, incisional, or excisional) from 
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patients with these same seven types of advanced cancer as well as patients with advanced 

basal cell carcinoma, cutaneous squamous cell carcinoma, MSI-high colorectal carcinoma, 

and nasopharyngeal carcinoma exhibited the same pathologic features (Table 2, 

Supplemental Figure S1). Biopsies from patients with advanced cancer were taken from a 

broad array of locations within the body, including skin and soft tissue, lung, lymph nodes, 

liver, adrenal glands, pancreas, kidney, and mucosa. Taken together, these findings support 

pan-tumor features of pathologic response to immune checkpoint blockade.

Scoring specimens for percent residual viable tumor

Percent residual viable tumor (%RVT) is calculated by:

RVT surface area / total tumor bed surface area x 100

where the total tumor bed surface area includes RVT, tumor-associated stroma, necrosis, and 

the area where viable tumor used to be before treatment but is no longer, i.e., the regression 

bed. We recommend that specimens are scored as 0%, 0< and<10%; 10% RVT, and 

increasing 10% increments. This same calculation is applied to lymph nodes, or other any 

other organ involved by tumor. Scoring treatment effect beyond the primary tumor is not 

currently detailed in most chemotherapy pathologic scoring, or when mentioned, requires 

pre-treatment pathologic confirmation.19 (One exception is breast carcinoma.2) In addition 

to being applicable to multiple tumor types, irPRC has the advantage that it may be applied 

to all organs involved by tumor. Further, the features are characteristic enough that regressed 

tumor may be recognized, even if not pathologically-confirmed or even clinically-suspected 

pre-treatment.

Information regarding the degree of pathologic response can be gathered and reported for the 

patient as a whole or for a given anatomic location. An example case report form is provided 

in Supplemental Table 1. An overall irPRC score can be assigned, e.g. a major pathologic 

response (MPR) including both the primary tumor and associated lymph node metastases. In 

this scenario, the calculation of (RVT surface area/total tumor bed surface area) x 100 

combines the relevant surface areas for the primary tumor and lymph node deposits. 

Alternatively, irPRC for each anatomic location may be determined. For example, it is 

possible to have a pathologic complete response (pCR) in the primary tumor, and no 

evidence of pathologic response in the lymph nodes.18 Information gained from both of 

these approaches is likely to have prognostic value and potentially different clinical 

implications.

If features of an irPR regression bed are not appropriately recognized, the therapeutic 

efficacy is underestimated. Similarly, if certain pathologic features are erroneously 

considered signs of treatment response, there is a risk of overestimating pathologic response 

in a patient. For example, there are conflicting reports as to whether necrosis is a feature of 

response to immunotherapy.15–17,20 Tetzlaff, et al, score necrosis as representing treatment 

effect. Necrosis was not a defining feature of pathologic response in the specimens reviewed 

here, or in studies examining paired pre- and on-treatment specimens from patients with 

melanoma and NSCLC demonstrating response to anti-PD-1 therapy. 15,17 Necrosis was also 
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not associated with long-term benefit in patients with advanced melanoma receiving anti-

CTLA-4.21 More recently, necrosis has been specifically identified as inversely correlated 

with response to anti-PD-1 in patients with renal cell carcinoma.22 It is possible that necrosis 

may not specifically be a sign of response to immune checkpoint blockade, but may 

represent therapeutic response to other agents. It is also possible that the histologic type or 

context of necrosis may differ in importance. For example, central necrosis may be observed 

in high-grade tumor deposits when the tumor outstrips its blood supply, and such tumors 

may be more unlikely to respond to immunotherapy. In this specific scenario, the surface 

area for residual ‘viable’ tumor should include the area of central necrosis. In contrast, 

necrosis that directly interfaces with stroma characterized by proliferative fibrosis, 

histiocytes and less chromatin debris, may signify treatment efficacy. Further study is 

required to define the types of necrosis that may be clinically meaningful.

Pathologic complete response (pCR) and major pathologic response (MPR)

Some clinical trials are using pCR (no residual tumor) and MPR (<10% residual viable 

tumor) following neoadjuvant immunotherapy as endpoints. Only a minority of patients 

achieve a pCR to single agent neoadjuvant anti-PD-(L)1, e.g., 5–15% in NSCLC18,23,24 and 

19–43% in melanoma.25,26 It is likely that patients do not need complete pathologic 

resolution of tumor burden to experience clinical benefit, since a major mechanism of 

clinical benefit for neoadjuvant immunotherapy is the priming of anti-tumor immune 

responses that will systemically seek out and destroy microscopic tumor deposits that would 

otherwise cause relapse. If a threshold of <10% RVT (MPR) is used instead, a significantly 

larger proportion of patients are captured (19–45% and 30–60%, respectively). 

Chemotherapy studies with long-term follow-up have shown that MPR is predictive of long-

term survival, and preliminary data suggest this will also be the case for patients treated with 

immunotherapy.17,25 It is possible that other clinically relevant thresholds will emerge if 

pathologic response can be refined and standardized, as is proposed here.

Reproducibility) and extension of scoring to include additional treatment 

regimens

When applied to immunotherapy-treated specimens, chemotherapy grading is not as 

reproducible among pathologists as grading using irPRC.15 Reproducible scoring will be 

necessary to test a continuum of pathologic response, which may enable more refined 

survival predictions than MPR or pCR alone. Inter-reader agreement assessments between 

four pathologists using irPRC at 10% scoring intervals on specimens from patients treated 

with neoadjuvant immunotherapy showed an intraclass correlation coefficient of 0.982, 95% 

CI [0.965, 0.992]. The reproducibility observed with irPRC may be attributed to: 1) a refined 

description of the character of features to count, e.g. rather than simply “inflammation”, the 

types of inflammatory cells to include have been detailed; 2) a distinction made between 

tumor cellularity,27 fibrotic tumor-associated stroma, and the fibrosis associated with 

immune-mediated tumor regression; 3) an estimation of surface area for the calculation of 

%RVT that is summed across slides, rather than weighing each slide equally, irrespective of 

Stein et al. Page 5

Clin Cancer Res. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the amount of tumor present;3,28 and 4) an explicit recognition and description of how to 

score the regression bed.

It is possible that the approach to scoring described here could be extended to other 

treatment regimens. Preliminary results also show irPR in patients receiving anti-PD-(L)1 

combined with other agents, such as anti-CTLA-4, cytotoxic chemotherapy, and tyrosine 

kinase inhibitors (Supplemental Figure S2). There is evidence to suggest that patients treated 

with targeted therapy, neoadjuvant chemotherapy, and immunotherapeutic regimens beyond 

checkpoint blockade, e.g. GVAX plus chemotherapy, show similar histologic features of 

immune-mediated tumor clearance.10,29–32 If a specimen from a patient with NSCLC treated 

with neoadjuvant chemotherapy does demonstrate a component of immune-mediated 

regression, the utility of using irPRC is evident. That is, if a specimen does not clearly 

display an immune-mediated regression bed, regression bed = 0% surface area, and the 

calculation for %RVT becomes: total area involved by tumor / (+ RVT + tumor-associated 

stroma + necrosis surface areas) x 100, i.e. essentially the basic calculation used in scoring 

approaches for chemotherapy (Figure 3).3,28 Thus, a single scoring system could be used for 

both chemotherapy and immunotherapy-treated patients. This has great appeal, given that 

there are ongoing trials that include both chemotherapy and immunotherapy-treated arms, as 

well as arms that include chemotherapy + immunotherapy. It would be impractical to use 

different scoring systems for each arm. Further, it would be impossible to have a pathologist 

blinded to treatment arm while conducting the scoring if each required their own scoring 

approach.

Gross examination and specimen handling

We recommend that one complete cross-section of tumor bed from the longest dimension of 

the tumor is submitted for paraffin embedding and made into slides, with an additional one 

section per centimeter taken for the remaining specimen. For larger tumors (e.g., >5 cm), a 

modified approach of submitting every-other section or even every third section across the 

largest cross-sectional diameter is reasonable. This is in keeping with existing grossing 

recommendations for breast carcinoma, rectal carcinoma, and osteosarcoma specimens from 

patients treated with neoadjuvant chemotherapy, Table 1.2,4 Complete cross-sections of 

grossly-evident lymph node tumor deposit(s) should also be handled similarly.

Conclusions and future directions

In summary, pathologic features of response to immune checkpoint blockade are remarkably 

consistent across tumor types, indicating that a universal, standardized scoring system may 

be possible. The proposed scoring system described here is supported by routine surgical 

pathology workflows and is fast as well as widely and immediately available. Utilization of 

a standardized, H&E-based scoring system across many institutions will be needed to assess 

neoadjuvant immunotherapies in ongoing large phase 3 trials, and in routine clinical practice 

if these treatments eventually become standard of care. Our findings suggest that developing 

independent pathologic response scoring systems within the context of individual clinical 

trials is unnecessary and will hinder comparisons across trials in different tumor types.
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The gold standard comparison for the development of a surrogate endpoint is its association 

with overall survival. Long-term survival data are not yet available from neoadjuvant 

immunotherapy-treated cohorts, but importantly, irPR has already been shown to predict 5-

year survival in patients with advanced, unresectable melanoma receiving these drugs.17 

Collection of data, e.g., percent residual viable tumor, in a standardized fashion will allow 

for future association with long-term patient outcomes when disease-free and overall 

survival data from these studies mature.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of translational relevance

As immunotherapies are being tested in the neoadjuvant setting, a standardized system 

for grading pathologic response is highly desirable. Such a system will allow for 

comparison of treatment efficacy between studies and different tumor types. The current 

report presents features of immune-related pathologic response (irPR) and shows that 

these features are consistent across more than ten different tumor types from patients 

treated with anti-PD-(L)1 agents. Similar features are also seen in patients treated with 

regimens combined with anti-PD-(L)1 agents. These findings indicate that a universal 

approach to scoring pathologic response to immunotherapy may be possible. Many 

clinical trial endpoints for neoadjuvant immunotherapy include determinations of 

pathologic response, and the irPR criteria (irPRC) described here will be of value in that 

setting. irPRC may also ultimately be used to help guide use of adjuvant therapy as well 

as treatment decisions for patients with advanced disease.
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Figure 1. Features of immune-related pathologic response (irPR) in a lymph node dissection 
specimen from a patient with metastatic Merkel cell carcinoma who received neoadjuvant anti-
PD-1 therapy.
The tumor regression bed is positioned between residual normal lymph node (white dotted 

line) and residual viable tumor (black dashed line) (A; 20x). Features of irPR include the 

presence of organized lymphoid aggregates (B; 150x, original magnification) and dense 

plasma cell collections (C; black arrows point to individual plasma cells; 200x) in a 

background of proliferative fibrosis, dense tumor infiltrating lymphocytes, and 

neovascularization (D; black asterisks indicate small blood vessels; 150x). This field 

contains 30% residual viable tumor.
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Figure 2. Consistent histologic features of immune-related pathologic response (irPR) following 
neoadjuvant anti-PD-1 therapy in different tumor types.
In addition to previously reported findings in non-small-cell lung carcinoma15 and 

melanoma,16 features of irPR are seen here in five other tumor types. The tumor regression 

bed appears similar in head and neck squamous cell carcinoma, Merkel cell carcinoma, 

vulvar, cervical, and renal cell carcinomas (top and middle rows; 10x-100x, original 

magnification). Residual tumor is marked with yellow asterisks (other tumors show pCR). 

Individual features of tissue repair and immune activation, as displayed in Figure 1, as well 

as tumor cell clearance (e.g. foamy macrophages and cholesterol clefts), are shown at higher 

magnification here (bottom row; 200x-400x, original magnification). H&E staining, all 

panels.
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Figure 3. Calculation of percent residual viable tumor using (A) chemotherapy pathologic 
response criteria (cPRC), and (B) immune-related pathologic response criteria (irPRC).
Representative schematics of calculating percent residual viable tumor (RVT) using cPRC 

and irPRC are shown. The main difference between the calculation shown in (A) and (B) is 

the assessment of the regression bed when scoring with irPRC. If a specimen does not 

exhibit any features of immune-mediated regression, then the ‘regression bed’ value seen in 

the equation for percent RVT in irPRC (B) falls to zero, and both methods (A) and (B) 

fundamentally become the same calculation. However, the reverse is not true, i.e., cPRC 

does not immediately translate to patients treated with immunotherapy.
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Table 2.

Tumor types and associated anti-PD-1 trials of on-treatment specimens studied for immune-related pathologic 

response (irPR).

Treatment Setting Tumor type Treatment NCT*

Neoadjuvant

Cervical cancer Nivolumab

Head and neck squamous cell carcinoma Nivolumab 34

Melanoma Nivolumab 16,35

Merkel cell carcinoma Nivolumab 36

Non-small-cell lung carcinoma Nivolumab 15,18

Renal cell carcinoma Nivolumab

Vulvovaginal carcinoma Nivolumab

Advanced Unresectable Disease

Basal cell carcinoma Nivolumab

Cervical cancer Nivolumab

Cutaneous squamous cell carcinoma Pembrolizumab; nivolumab Off-label

Head and neck squamous cell carcinoma Nivolumab

Melanoma Nivolumab; pembrolizumab 17; standard of care

Merkel cell carcinoma Nivolumab

Microsatellite instability-high colorectal cancer Pembrolizumab 37

Nasopharyngeal carcinoma Nivolumab

Non-small-cell lung carcinoma Nivolumab; pembrolizumab Standard of care

Renal cell carcinoma Nivolumab

Vulvovaginal carcinoma Nivolumab
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