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Objective: To review response characteristics relating to emerging neoadjuvant treatment strategies of
non-small cell carcinoma of lung, including analysis of scoring systems developed to assess tumour specific
effects.

Background: Rapid progress has been made in recent years with regard to the management of patients
with non-small cell lung cancer as a consequence of discovery of relevant oncogenic signalling pathways
governing cancer cell growth and metastasis, introduction of immune checkpoint inhibitors in lung cancer
therapy, and targeted screening for lung cancer in high-risk populations. Histopathologists have diagnostic
involvement in interpretation of cytology, biopsy and resection specimen from treated lung cancer patients.
They are at the forefront of molecular testing of tissue samples and PD-L1 scoring in lung cancers.
Pathologists assessment of tumour resection specimens facilitates assessment of cellular and stromal effects
of those novel and emerging neoadjuvant therapy compounds which can include development of scoring
methods to assess tumour response following chemo-radiotherapy and targeted therapy. For example,
immunotherapy induced changes can be seen in treated tumours and a scoring system has been designed
which includes immune related pathologic response criteria (irPRC).

Methods: Experience of increasing involvement with molecular testing of lung cancers, multi-disciplinary
team (MDT) attendance and input from treating oncologists, literature review & search, attendance at
courses/conferences and working in multiple tumour sites are behind the writing this invited review.
Conclusions: Targeted therapies in non-small cell lung carcinomas impact on surgical outcomes and
prognosis. Treatment options have expanded and currently include surgery, chemotherapy, radiotherapy,
targeted therapy and immune therapy. Histopathologists are being increasingly involved in treatment
response evaluation of tumour resection specimens relating to various modalities. They need to familiarize
themselves with relevant treatment specific changes. Surgeons and clinicians need to provide detailed
information along with the specimen from treated lung cancer patients. This review will focus on pathology

related issues arising from advances in lung cancer neoadjuvant treatment.
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Background

The Nobel prize in medicine 2018 was awarded to James
P. Allison and Tasuku Honjo for developing immune
checkpoint blockade. Their discoveries added cancer
immunotherapy to the expanding list of modalities now
utilized to treat lung cancer (1). There has been a sea
change in the way a histopathologist deals with biopsies and
cytology samples relating to diagnosis of lung cancer.

The diagnosis pathways for small cell carcinoma of lung
is well established with lung cancer multi-disciplinary team
(MDT) involvement and management by oncology &
radiotherapy teams. Diagnosis of non-small cell carcinoma,
in contrast, now initiates a complex chain of events including
immunomarkers evaluation with molecular testing regimes.
Several druggable molecular alterations have shown survival
benefit and improved quality of life in lung cancer patients.
In pulmonary adenocarcinoma and non-squamous cell
carcinoma, several pathways have been identified which can
be disrupted by a number of newly identified agents replacing
chemo-radiotherapy. These include EGFR pathway (tyrosine
kinase & BRAF inhibitors), PI3K/AKT/mTOR pathway
(P13K inhibitor, temsirolimus), RAS-MAPK pathway
(multikinase inhibitors & miR-34a), JAK-STAT pathway
(JAK 2 inhibitor & ruxolitinib), HER3 (U3-1287 & U3-
1402), checkpoint inhibitors (Immunotherapy) and various
combinations of these therapeutic modalities (2). But before
these molecular tests are requested, a histopathologist
has to make a judgment whether there is enough tissue
first for diagnosis, and then marker evaluation, typically
immunohistochemistry which require presence of at least
100 cells for programmed death ligand 1 (PD-L1) testing
and molecular tests. These tests have exponentially increased
over last decade (Figure 1). We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://asj.amegroups.com/article/
view/10.21037/asj-21-66/rc).

Objectives

Primary surgical treatment is restricted to a small number
of lung cancer patients. Most patients receive initial non-
surgical management. The molecular fingerprinting
of non-small cell carcinomas helps in detection of
actionable targets relating to disrupting pathways which
have been showing in clinical trials to improve patient
prognosis. Immunohistochemistry and fluorescence in-
situ hybridization (FISH) are able to detect changes at the
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protein level (gene amplification, point mutation, DNA
re-arrangement and PD-L1 testing). With the increasing
number of druggable gene aberrations being identified,
next generation sequencing (NGS) is now replacing single
alteration conventional techniques. NGS can simultaneously
identify a broad spectrum of genomic alterations including
single nucleotide variants (SNV), copy number variants
(CNV) and structural re-arrangements (3). This review
aims to capture these changes in the management of non-
small cell carcinoma with special reference to neoadjuvant
therapy and the pivotal role of histopathologists responsible
for timely provision of these diagnostic requirements but
also subsequent tumour and stromal cell response evaluation
to these various agents.

Methods

This review article is based on Medline and Google search
utilizing lung cancer, molecular testing, PD-L1, neoadjuvant
therapy, pathological response in lung cancers, circulating
tumour DNA (ctDNA), immunotherapy, signalling pathways
for cell death as key words. Years considered for this review
are 2010 onwards. Attending pulmonary pathology club
meetings, lung cancer day out sessions in Nottingham,
exposure to lung cancer MDTs, writing two articles for
the Royal College of Pathologists, experience of increasing
involvement with molecular testing in lung cancers, input
from treating oncologists, attendance at courses/conferences
and working in multiple tumour sites have been influential in
writing this review.

Discussion

The landscape of cancer patient management has seen
major advancements in recent years. Lung cancer has
witnessed the biggest change with a positive impact on
patient prognosis. Diagnosis of non-small carcinoma of
lung is a trigger for the lung cancer MDT to embark on
staging based on computed tomography (CT) and positron
emission tomography (PET) scanning. In addition, if
regional lymph nodes show disease activity, attempts are
made to obtain tissue for diagnosis and molecular testing.
Patients with stage I, stage II & stage IIla disease are
candidates for surgical intervention provided surgeon is
happy with the performance status, lung function tests and
favourable cardiology opinion. All patients are candidates
for chemotherapy, radiotherapy, targeted therapy and
immunotherapy. Every effort is made to identify actionable
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Bronchial biopsy, lung biopsy and EBUS (received in preservcyt or cyto rich red formalin-processed to
cell block) - do ribbon, take 3 for H&E, keep all others as spares. No wastage.

Cytology (FNA lung, pleural fluid, bronchial washings and brushings) - PAP and MGG slides prepared
as per SOP, cell block prepared and sections taken as above. No wastage.
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Figure 1 East Midlands Protocol for bronchial biopsies, EBUS, lung biopsies and bronchial cytology. Molecular tests include EGFR, ALK,
KRAS, BRAFE, HER2, ROS1, RET, MET and NTRKI1, NTRK2, NTRK3. PD-L1 is requested through immunolab. Most labs mostly only

do 1 H&E and reserve all material until next test(s) required. EBUS samples are received either in formalin or cyto rich red. GLH laboratories

are doing next-generation sequencing to incorporate most of the molecular markers. EBUS, endobronchial ultrasound; FNA, fine-needle

aspiration; PAP, Papanicolaou; MGG, May Grunwald Giemsa; SOP, standard operating procedure; PD-L1, programmed death ligand 1;

MDT, multi-disciplinary team; SCC, squamous cell carcinoma; AdCa, adenocarcinoma; IHC, immunohistochemistry; NOS, not otherwise
specified; ZN, Ziehl-Neelsen stain; PAS-D, Periodic acid Schiff plus diastase; GLH, genomic laboratory hub; H&E, hematoxylin and eosin.

mutations/translocations in tumour cells. Adenocarcinoma
and non-small cell carcinomas of lung require testing for
EGFR mutations, ALK-EML translocations, ROSI, BRAFE,
MET mutations, RET mutations, HER2 mutations, NTRKI,
NTRK?2 and NTRK3 analysis. The increasing number of
biomarkers have highlighted the burden on the notoriously
small cell and tissue samples obtained by various diagnostic
techniques (4). This can be helped by multiplex laboratory
methods particularly use of multiple-biomarker next
generation platforms and consolidation of all material into
one block. Genomic testing in the NHS is now provided
through a national testing network, consolidating and
enhancing the existing laboratory provision under the
umbrella of NHS genomic medicine service. The national
genomic testing service is delivered through a network of
seven genomic laboratory hubs (GLHs) each responsible for
coordinating services for a particular part of country. This
will be the first national health care system to offer whole
genome sequencing as a part of routine care. There are
seven national genomic hubs and Nottingham is connected
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to East Genomic Laboratory Hub led by Cambridge
University Hospitals NHS foundation trust (5).

"This review topic requires familiarisation with terminology
used by clinical MDT colleagues. Neoadjuvant therapy
encompasses all treatment modalities administered before
primary cancer surgical treatment, whereas adjuvant therapy
describes regimes administered after primary surgical
treatment. There are recognised advantages of neoadjuvant
therapy which include less extensive surgery, higher frequency
of complete resection, lower rate of pneumonectomy, higher
rate of lobectomies/wedge excisions, benefits to management
of superior sulcus tumours and enrolment into clinical trials
with access to tissue before and after systemic therapy (6).

Lessons can be learnt for use of neoadjuvant therapy and
response assessment in other common solid human tumours
and the impact on patient prognosis.

Tumour regression grade (TRG) is applied to gastro-
oesophageal carcinoma patients receiving platinum-based
chemotherapy followed by surgery in our institution. In
2009 we described use of the Mandard’s grading system
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to assess score for chemotherapy related changes in the
tumour (7). Tumours having TRG 1, 2 or 3 were classified as
responders to chemotherapy and tumours with TRG 4 or 5
as non-responders. In the neoadjuvant chemotherapy (NAC)
group over 45% of lower oesophageal adenocarcinomas
had TRG 1, 2 or 3 compared with 13.7% in the primary
surgery group indicating significant tumour down staging.
There was positive correlation between TRG and ypTNM
staging.

Following this a multicentre study, including our own in
Nottingham, to define and validate pathological response to
neoadjuvant therapy in oesophago-gastric adenocarcinoma (8)
based on questionnaire distributed to 11 UK centres treating
gastro-intestinal cancers to determine the use of assessment
of response to NAC. Records of patients under-going
oesophago-gastric resection at seven centres were reviewed.
Pathological response was assessed using Mandard’s TRG
and lymph node down staging. There was a significant
difference in survival between responders (TRG 1-2) and
non-responders (TRG 3-5). Among non-responders, the
presence of lymph node down staging was associated with
significantly improved overall survival compared with
patients without lymph node down-staging.

High grade serous carcinoma is the most common subtype
of ovarian and fallopian tube carcinoma. Neoadjuvant chemo-
therapy followed by de-bulking surgery is the treatment of
choice. Available treatment options include PARP inhibitors,
hormone receptor modulators, immune checkpoint
inhibitors and therapeutic vaccines. A six-tiered system
subsequently refined to a three tiered system, Chemotherapy
response score (CRS) is used for assessment of chemotherapy
response. The CRS stratifies patients into complete (CRS 3),
partial (CRS 2) and no (CRS 1) response after treatment with
various agents (9). CRS categories have significant differences
in progression free and overall survival.

Locally advanced oesophageal, gastric and colorectal
carcinomas are initially treated by neoadjuvant therapy
followed by resection. Histological findings after therapy
include residual tumour, inflammation, resorptive changes
with infiltrate of foamy macrophages, foreign body reaction
and fibrosis. The tumour regression grading system is
used in most centres in United Kingdom. TRG refers to
presence of residual viable tumour and amount of therapy
induced fibrosis. TRG categorisation provides information
on prognosis and effects of therapy (10).

A meta-analysis from MD Anderson Cancer Centre has
shown that residual cancer burden in breast cancer after
NAC can predict disease recurrence and survival across all
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breast cancer sub-types. This study (11) of 5,160 patients
from 12 Institutions examined the relationship between
the continuous residual cancer burden index and event-
free survival/distant relapse in four cancer phenotypes.
These include triple negative cancers, HER2 positive and
Hormone receptor negative, Hormone receptor positive
and HER2 negative and Hormone receptor positive and
HER?2 positive cancers. There was up to 69% rate of
complete pathologic response in HER2 positive hormone
receptor negative cases. Lower response rates were seen in
hormone receptor positive and HER2 negative cases 11%,
triple negative group 43% and the dual hormone receptor
positive and HER?2 positive group 38% response rate.
They suggest that the introduction of synoptic reporting
for a post-neoadjuvant response will help keep pace with
precision medicine.

In a recently published meta-analysis (12), found 52
articles with patient number totalling 27,895 who had
received neo-adjuvant chemotherapy. Patients with
a pathologic complete response after neo-adjuvant
chemotherapy had significantly better event free survival,
particularly for triple negative and HER2+ tumours

A further study in 2018 by Choi et al. (13) evaluated
the tumour volume changes in breast before and after
NAC. They utilized dynamic contrast-enhanced (DCE)
magnetic resonance imaging parameters assessed using
a commercially available computer aided system. They
concluded that the tumour volume changes in breast
cancers before and after neoadjuvant therapy might be more
accurate tool for evaluation of the pathologic response after
neoadjuvant therapy.

Pathological response in malignant melanomas is observed
after neoadjuvant targeted and immune checkpoint therapy.
‘Two patterns of response are observed including hyalinized
fibrosis and tumoral melanosis pattern (14). Complete
absence of viable tumour cells in the treated tumour bed
is deemed pathological complete response (pCR). Major
pathological response is defined as less than 10% of viable
tumour cells and partial response as less than 50% of the
treated tumour bed being occupied by viable tumour cells.
Patients given neoadjuvant-targeted and immune-checkpoint
therapies in melanomas have a correlation with improved
relapse free survival.

Pathological response after neoadjuvant treatment in lung

cancers

Lung cancer occupies a slightly different position when
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compared to other solid cancers due to the low surgical
resection rate of small cell and non-small cell carcinoma.
Data published by Cancer Research UK-Lung statistics,
show that only 2% of small cell carcinomas and 16% of non-
small cell carcinomas have surgical resection as primary
cancer treatment. This is much lower rate of resection in
comparison to other sites. Almost 82% breast cancer patients
have resection of cancer after diagnosis (all stage combined).
Resection rate is likely to increase with the introduction
of lung cancer screening in high-risk population in United
Kingdom with higher chance of picking up low stage
disease (15). Also, the British thoracic society guidelines
for the management of pulmonary nodules and malignancy
prediction calculator (16) with nodule MD'T separate from
lung cancer MDT are going to have a positive effect on
surgical resection rate. Up to 42% of small cell carcinoma
and 27% of non-small cell carcinomas patients have
radiotherapy as part of their treatment. Stereotactic ablative
radiotherapy (SABR) for peripheral tumours has delivered
better overall survival. Up to 68% of patients diagnosed with
small cell carcinoma and 25% patients with non-small cell
lung cancer have chemotherapy. A smaller number of patients
have genomic alterations such as EGFR mutations, ROS],
ALK-EML, BRAF, MET, RET & NTRK alterations and
receive appropriate drugs such as tyrosine kinase inhibitors.
Second line agents such as third generation tyrosine kinase
inhibitors are reserved for those who progress or develop
resistance (17). Patients with no detectable mutations have
the option of immune check inhibitor immunotherapy
depending upon the extent of expression of PD-L1. Even
fewer tumours are receiving neo-adjuvant chemotherapy
before surgery. This provides little opportunity to pathologist
to assess pathological response to neo-adjuvant therapy in
resected lung cancers.

There was a proposal to use major pathologic response
as a surrogate endpoint in a paper published in 2016 from
Sloan-Kettering Cancer Centre (18). Residual viable tumour
cells less than or equal to 10% following neoadjuvant
chemotherapy was deemed a major pathologic response
which would potentially meet the criteria for a surrogate.
This study aimed to identify associations with improved
survival and they proposed that major pathologic response
should be used as a surrogate end point for survival in future
trials for resectable lung cancers.

Philipp Zens conducted a study on 117 patients with
non-small cell lung cancer resected after neoadjuvant
treatment between 2000 and 2016 (19). A novel prognostic
score (PRSC) combining T-category, lymph node status
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and major pathologic response were assessed in all patients.
The isolated ypT-category and the combined TINMS stages
accurately differentiated overall survival and disease-free
survival. Tumour regression had prognostic impact. Optimal
cut-offs for major pathological response emerged as 65%
for adenocarcinoma and 10% for non-adenocarcinoma.
The novel prognostic score was helpful in overall survival
and disease-free survival.

The most recent and comprehensive paper has been
published by Travis et al. in Journal of Thoracic Oncology (20).
They have come up with 10 recommendations related to
processing of lung cancer resection specimen with a view
to define pathologic response, including major pathologic
response and complete pathologic response. This review
article has provided guidelines on how to recognize the
tumour bed, histological assessment of primary tumour and
determine pathologic response to neoadjuvant therapy. This
group has also commented that it is extremely difficult to
distinguish histologic changes related to therapy from those
that may have been present without therapy.

Some studies have tried to assess the effects of adjuvant
therapy on resected positive lymph nodes (21). Pathologic
response in lymph nodes alone or in combination with the
primary tumour is able to predict the clinical outcome in
treated lung cancers.

The Royal College of pathologist minimum data set for
lung cancer reporting recommend an estimation of whether
more or less than 10% residual viable tumour is present in
the resection specimen and this should be reported. Letter y
should be added before the TNM stage. Complete response
would be classified as ypT0 (22).

Histopathologists plays a key role in multidisciplinary
management of lung cancer patients. Once a biopsy
is received from suspected lung cancer, a diagnosis is
made. Tumour sample adequacy is assessed with a view
to feasibility of immunohistochemistry and molecular
testing. A patient may be deemed suitable for neoadjuvant
chemotherapy. This may be followed by surgical resection
and assessment of remaining viable tumour. This requires
experience in distinction between various types of tissue
response variables. There are several signalling pathways
of cell death. Two most important are apoptosis and
necroptosis. Apoptosis results in activation of cysteine
proteases triggering cell death seen as nuclear condensation
and membrane blebbing. Necroptosis is a more recently
defined lytic form of programmed cell death. This
requires activation of receptor-interacting protein kinases

RIPKI1 and RIPK3 (23). Necroptotic lysis releases many
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Figure 2 (A) This section shows a focus of complete response to chemotherapy before surgery for non-small cell carcinoma. There is a focus

of necrosis surrounded by fibrosis with foreign body giant cell reaction. No viable tumour cells are present. Magnification: x8.19. (B) A focus

of hyalinised fibrosis with a necrotic centre is seen. There is a rim of collection of mature lymphocytes present. No viable tumour cells are

seen due to complete response to chemotherapy. Magnification: x2.18. (C) A focus of fibrosis without necrosis and any viable tumour cells

is seen. Magnification: x1.00. (D) More mature type fibrosis and chronic inflammation seen representing completely treated non-small cell

carcinoma. Magnification: x4.02. Hematoxylin and eosin-stained.

immunogenic damage associated molecular patterns
(DAMPs). These can stimulate innate immune pattern
recognition receptors (PRRs). Morphological changes
after chemotherapy, radiotherapy and targeted therapy do
not have any distinguishing features visible by microscopy
(Figure 2). Hence it is not possible to distinguish between
apoptosis or necroptosis. Visible changes highlighting cell
death in epithelial component include nuclear enlargement,
nuclear shrinkage, necrosis, vacuolation of nucleus,
vacuolation of cytoplasm, dyscohesion, shrinkage of tumour
cells with features of non-viability like karyorrhexis,
karyolysis and pyknosis. Various agents target stroma as
well as the epithelial component. Hence stroma may show
fibrosis, elastosis, collagenisation, hyalinization, micro-
calcification and neovascularization, mucinous change
and fibrinoid necrosis. Blood vessels may be hyalinised.
The host inflammatory response could be lymphocytic,
plasmacytic, histiocytic and giant cell (24). Immune therapy
related necrosis mainly manifests as sudden death of the
whole cell nest caused by the destruction of frame work of
stroma that provides nutrition for the tumour cells. Chemo-
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radiotherapy causes cell damage by direct toxicity to tumour
cell DNA. Neoadjuvant immunotherapy activates tumour
specific T cells and destroys cancer cells.

Three histological patterns following neoadjuvant anti-
PD-1 therapy treatment have been described which include
immune activated (tumour regression caused by immune
cells), immune excluded (immune cells contained in the
stroma surrounding tumour cells) and immune desert
(absence of immune cells in either the parenchyma or
the stroma of the tumour) (25). In patients treated with
immunotherapy followed by resection, it is important to
look at the regression bed which contains lymphocytes,
macrophages, tumour cell death-cholesterol clefts and tissue
repair-neovascularization with fibrosis. Wound healing/
tissue repair type process has been identified in tumours
treated by immunotherapy which is not seen in cancers
treated by conventional chemo-radio therapy, likely due
to different mechanism of action of immunotherapeutic
agents. Immune related pathologic response criteria
(irPRC) has been developed which is reproducible amongst
histopathologists. This is focussed on regression bed
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having immune activation [(I) dense tumour infiltrating
lymphocytes with macrophages and tertiary lymphoid
structures; (II) massive tumour death-cholesterol clefts
and (III) tissue repair-neovascularization and proliferating
fibrosis]. Each feature enriched in major pathologic
responders versus nonresponders. Histopathologic features
of the regression bed have been used to develop immune-
related Pathologic Response Criteria (irPRC). irPRC
could be useful tool to standardize pathologic assessment
of immunotherapy (26). Residual viable tumour volume for
pathological evaluation of immunotherapy patients may not
be sufficient. The histological phenotype of residual viable
tumour immune response should be evaluated. This is likely
to help guide choice of immunotherapy, chemotherapy or
radiotherapy. Overall neoadjuvant therapy is systemic and
will affect occult systemic disease, pathological response
of the primary tumour may be a predictor of long-term
outcomes, has shorter trial timeliness and has ability to
assess sensitivity and resistance of adjuvant agents (27).

Another development in recent years is liquid biopsy.
Between 15% and 50% of patients with stage I through
stage III have detectable circulating tumour cells in the
peripheral blood in various cancers. ctDNA is present in
50% to 95% of patients with stage I through stage III.
ctDNA changes after neo-adjuvant therapy and before
surgery may have prognostic significance in lung cancers
similar to other cancer sites such as rectal cancer. Liquid
biopsy has an important role in the overall management
of lung cancer patients. Liquid biopsy can also be an
important diagnostic tool and can be useful in screening
for lung cancer by picking up circulating tumour cells, free
DNA, microRNAs, exosomes, antibodies and proteins (28).
Pan cancer comprehensive genomic profiling (CGP) for
solid tumours from blood and tissue biopsy samples can
detect relevant DNA & RINA variants for multiple types of
cancers. Key biomarker for lung cancer detection is AKT1
(Tllumina).

Summary

Various methods have been proposed to measure the
response of tumour cells to neo-adjuvant therapies including
chemo/radiotherapy, targeted therapies to molecular
alterations and immune modulators. Ultimate aim of all
these therapies is to induce cell death to eradicate cancer
and improve patient prognosis. Our understanding of cell
death and signalling pathways has recently been enhanced.
This should add value to our assessment of tumours
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resected with and without any therapy. However, this is still
work in progress and requires further input from biologists,
pathologists and wide range of scientific community
members. Amongst various systems developed in multiple
tumour sites, three tier systems are the most popular
methods amongst pathologists and clinical teams based
on studies demonstrating their relationship to prognosis.
Histopathologists receiving resection specimen after
immune-therapy treatment need to familiarize themselves
with changes caused by neoadjuvant immunotherapy and
the updated scoring systems. New modalities to treat
cancers will continue to be developed and histopathologists
will have a significant role in assessment of tumour response
potential and help with assessment of prognosis after
treatment. Morphological damage caused by new treatment
options can be seen under the microscope and scanned
slides. Genotypic damage is difficult to visualize with
microscope. NGS will help in evaluation of lung cancer at
a molecular level. Therefore, liquid biopsy will have role in
screening, diagnosis, molecular testing, assessing response to
various treatments and predicting recurrence of treated lung
cancers. Surgeons and interventional radiologists/physicians
should provide up to date information on treatment
provided to patient before surgery. This information is key
for appropriate assessment of specimens. Clinical trials
and histopathological grading of tumour response are two
important tools which help in allocation of resources to
various therapeutic agents. In future pathologists are likely
to see more resections from lung cancer patients who have
been treated with an ever-increasing range of therapeutic
modalities. Accurate pathological assessment of tumour
response and down-staging by these treatment methods will
have an increasingly important role to play in management
of patients with non-small cell lung cancer.
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