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ABSTRACT

Background Accurate classification of lung cancer subtypes has become critical in tailoring lung cancer treatment.
Our study aimed to evaluate changes in diagnostic testing and pathologic subtyping of advanced non-small-celllung
cancer (NSCLC) over time at a major cancer centre.

Methods 1n a review of patients diagnosed with advanced NscLcC at Princess Margaret Cancer Centre between
2007-2009 and 2013-2015, diagnostic method, sample type and site, pathologic subtype, and use of immunohisto-
chemistry (1HC) staining and molecular testing were abstracted.

Results The review identified 238 patients in 2007-2009 and 283 patients in 2013-2015. Over time, the proportion
of patients diagnosed with adenocarcinoma increased to 73.1% from 60.9%, and diagnoses of NSCLC not otherwise
specified (NOS) decreased to 6.4% from 18.9%, p < 0.0001. Use of diagnostic bronchoscopy decreased (26.9% vs. 18.4%),
and mediastinal sampling procedures, including endobronchial ultrasonography, increased (9.2% vs. 20.5%, p=0.0001).
Use of iHC increased over time to 76.3% from 41.6% (p < 0.0001). Larger surgical or core biopsy samples and those for

which 1HC was performed were more likely to undergo biomarker testing (both p < 0.01).

Conclusions Customizing treatment based on pathologic subtype and molecular genotype has become key in
treating patients with advanced lung cancer. Greater accuracy of pathology diagnosis is being achieved, including

through the routine use of 1HC.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related mor-
tality worldwide!. Treatment selection and outcomes
rely on accurate diagnostic subtyping of non-small-cell
lung cancer (NscLc), including molecular testing?=®. For
example, pemetrexed and bevacizumab are associated
with superior outcomes in adenocarcinoma and inferior
outcomes in squamous cell carcinoma??1%, In patients
with nonsquamous histology, the introduction of targeted
therapy agents such as gefitinib, alectinib, and crizotinib
for the treatment of oncogene-addicted lung cancer has
made genomic testing an essential component of the diag-
nostic algorithm in NscLc3*%9, Reflex molecular profiling
of diagnostic samples has become indispensable in the
Canadian system to identify candidates for those and other
targeted therapies in a timely manner®. Pathologic subtype
remainsimportantinselectingrelevant cases. Forinstance,
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all patients with nonsquamous histology should routinely
undergo profiling!!. However, those diagnosed with pure
squamous, small-cell, or neuroendocrine subtypes have a
lower likelihood of EGFR, ALK, or ROSI aberration.
Multiple sampling methods are available for lung can-
cer diagnosis'?>!4. Although minimally invasive procedures
are often preferred to minimize the risk to patients, their
use must be balanced against successful acquisition of suf-
ficient material for pathologic and molecular evaluation.
Commonly, however, diagnostic tumour tissue remains
quite limited in patients with advanced lung cancer, and
cancer morphology alone is often insufficient for precise
tumour characterization. Immunohistochemistry (1HC) has
emerged as animportant technique to better subtypelung
cancer when morphology alone is nonspecific'®-%2, Current
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guidelines recommend the routine use of I1HC in biopsy
samples when accurate subtyping cannot be performed
based on morphologic assessment?3. A final diagnosis of
NSCLC not otherwise specified (N0s) has been associated
with an unfavourable prognosis in patients with stage 1v
NscLc and should be refined wherever possible?.

Precise histologic characterization of NScLC has be-
come essential for therapeutic decision-making because
the results can predict response to various systemic treat-
ments?>26, With the development of novel therapies and
diagnostic techniques, shifts have occurred over timein the
use of various diagnostic procedures in routine practice.
Our study examined the changes in diagnostic testing and
pathologic subtyping of advanced NscLc, including the use
of IHC, over time at a major cancer centre in Canada.

METHODS

This study was approved by the University Health Network
Research Ethics Board. All patients with stage 1v NSCLC
diagnosed at the Princess Margaret Cancer Centre or Uni-
versity Health Network during January 2007-January 2009
and January 2013-May 2015 (data cut-off) were reviewed.
The initial cohort consisted of patients diagnosed during
2007-2009, when pemetrexed was beingintroduced into the
Canadianlung cancer treatmentlandscape and pathologic
subtype was emerging as a critical factor in treatment selec-
tion. Patients diagnosed during 2013-2015 were chosen for
the comparator cohort, when targeted therapy was being
integrated into standard practice. Patients were excluded
if the initial diagnosis was made at another institution, if
no histologic or pathology diagnosis had been confirmed,
and if the initial diagnosis was not advanced NSCLC.

Data abstracted were the initial diagnostic procedure
(bronchoscopy, image-guided, surgical resection, medi-
astinal sampling, or other), sample type [non-fine-needle
aspiration (FNA) or exfoliative cytology, FNA cytology, or
biopsy or surgical specimen], site of diagnostic sample
(primary lung, mediastinal lymph nodes, metastasis, or
effusion), final pathology diagnosis, and use of 1HC. Test-
ing for EGFR mutations and ALK rearrangements did not
become routine until after 2010. Thus, data about EGFR or
ALK testing were collected only for the 2013-2015 cohort.

Statistical Analysis

Patient demographics and patterns of diagnosis are sum-
marized using descriptive statistics. Chi-square, t-tests,
and Fisher exact tests were used, as appropriate, to com-
pare differences in diagnostic patterns for 2007-2009 and
2013-2015. Associations between molecular testing and di-
agnostic sampling method or type (or both) were explored
in the 2013-2015 cohort of patients with adenocarcinoma.
All analyses were performed using the SAS software appli-
cation (version 9.4: SAS Institute, Cary, NC, U.S.A.).

RESULTS

Patient and Sample Characteristics

The review identified 238 patients in the 2007-2009 cohort
and 283 patientsin the 2013-2015 cohort. Baseline charac-
teristics in the two cohorts were similar, with the exception
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that patients in the 2013-2015 cohort were slightly older
(p = 0.009, Table 1). Over time, the proportion of patients
diagnosed with adenocarcinoma increased to 73.1% from
60.9%, and cases of NscLCNOSs decreased to 6.4% from 18.9%,
p<0.0001. The proportion of squamous cell and large-cell
subtypes remained similar over time. In the 2007-2009
cohort, 21.8% of the patients (n = 52) underwent more
than one type of sampling on initial diagnostic evaluation
(cytologyand biopsy), compared with 29.3% (n=283) in the
2013-2015 cohort.

Diagnostic Sampling Method and Sampling Type

Over time, a significant change in the pattern of diagnostic
sampling methods was observed (p = 0.001, Table 1). A re-
ductionin the use of bronchoscopy as the initial diagnostic
method for advanced lung cancer was seen over time (26.9%
vs. 18.4%). The use of mediastinal sampling procedures, in-
cluding endobronchial ultrasound-guided (EBUS) sampling
increased (9.2% vs. 20.5%). Use of other imaging-guided
sampling procedures (including those guided by comput-
ed tomography and ultrasound) and surgical resection
remained similar over time. A substantial reduction in
casesreported as NSCLC NOs was observed for bronchoscopy,
imaging-guided, and mediastinal sampling procedures
(Table ). Thatreduction was seen predominantly in cytol-
ogy samples, with NOs diagnoses falling to 4.0% from 22.0%
(p<0.0001). Cytology cell block preparations were routinely
made from FNA samples, but not from exfoliative samples,
as long as a sufficient sample was obtained.

IHC Use in Diagnosis

The rate of IHC use increased significantly during the study
period to 76.3% from 41.6% of all cases diagnosed (p < 0.0001,
Table 1). For the group diagnosed with NscLcC NOs, the use
of IHC increased to 94% (17 of 18) from 64% (29 of 45), but
the difference only trended toward statistical significance
(p=0.07). With the exception of bronchoscopy samples (p =
0.35), use of IHC increased significantly for all methods of
diagnosis [Figure 1(A)] and all sample types [Figure 1(B)].

Molecular Testing

Molecular testing for EGFR mutations and ALK fusions was
not performed as part of routine diagnosis in 2007-2009,
because a national program for testing had not yet been
implemented. Of the 207 patients diagnosed with ade-
nocarcinoma in 2013-2015, 89.9% (n = 186) had EGFR or
ALK testing, or both, performed. In most cases, the initial
diagnostic sample was used for that testing (83%, 155 of
the 186). Oninitial diagnostic evaluation, testing involved
cytology samplesin 44.5% of the cases, a surgical specimen
in23.9%, and both surgical and cytology samplesin 31.6%.

Biomarker testing was more commonly performed
in surgical samples, mediastinal samples, and samples
obtained from image-guided procedures, p = 0.01 [Fig-
ure 2(A)]. Biomarker testing was also more likely to be
performed using larger surgical or biopsy samples than
cytology FNA or exfoliative samples, p=0.003 [Figure 2(B)].
In addition, 1HC use was found to be associated with bio-
marker testing, because 93% of samples undergoing IHC
evaluation (167 of 180), compared with 70% not undergoing
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TABLEI Patient demographics and diagnostic sampling characteristics

Variable Patient cohort p
2007-2009 2013-2015 value

Patients (n) 238 283

Age at diagnosis (years) 0.009
Median 66 68
Range 30-87 36-94

Sex [n (%)] 0.28
Men 145 (60.9) 166 (58.7)

Women 93 (39.1) 117 (41.3)

Pathologic subtype [n (%)] <0.0001
Adenocarcinoma 145 (60.9) 207 (73.1)
Squamous cell carcinoma 32 (13.5) 38 (13.4)

Large-cell carcinoma 14 (5.9) 9 (3.2)
NSCLC NOS 45 (18.9) 18 (6.4)
Other 2 (0.8) 11 (3.9)
Initial sampling method [n 0.001
(%)]
Bronchoscopy 64 (26.9) 52 (18.4)
Cytology 36 (15.1) 21 (7.4) 0.10
Biopsy 28 (11.8) 31 (11.0)
Image-guided 73 (30.7) 88 (31.1)
Cytology 65 (27.3) 31 (11.0) <0.0001
Biopsy 8 (3.4) 57 (20.1)
Surgical resection 31 (13.0) 45 (15.9) 0.0001
Mediastinal sampling? 22 (9.2) 58 (20.5)
Cytology 9 (3.8) 58 (20.5) <0.0001
Biopsy 13 (5.4) 0
Other? 48 (20.2) 40 (14.1)
Cytology 43(181)  38(13.4) 045
Biopsy 52.1) 2(0.7)

Initial sampling site [n (%)] 0.001
Lung 139 (58.4) 133 (47.0)
Mediastinal lymph node 24 (10.1) 65 (23.0)
Metastasis 49 (20.6) 59 (20.8)

Effusion® 26 (10.9) 26 (9.2)

Initial sampling type [n (%) 0.0001
Cytology, non-FNA 58 (24.4)  38(13.4)

Cytology, FNA 106 (44.5) 111 (39.2)
Core biopsy or surgical 74 (31.1) 134 (47.4)

IHC performed [n (%)] <0.0001
Yes 99 (41.6) 216 (76.3)

No 139 (58.4) 67 (23.7)

2 Including mediastinoscopy and endobronchial ultrasonography.

b Including thoracentesis.

¢ Including pleural and pericardial effusions.

NSCLC NOS = non-small-cell lung cancer not otherwise specified;
IHC = immunohistochemistry; FNA = fine-needle aspiration.

IHC evaluation (19 of 27), also subsequently underwent
molecular analysis (p = 0.002).

DISCUSSION

Optimal management of lung cancerrelies on the patholog-
ic and molecular characterization of the tumour to select

TABLE 1l Non-small-cell lung cancer not otherwise specified
diagnosed during 2007-2009 and 2013-2015

Variable Patient cohort p
Value
2007-2009 2013-2015
Initial sampling
method [n (%)
Bronchoscopy 12/64 (18.8) 0/52 (0) 0.0005
Image-guided 15/73 (20.5) 4/88 (4.6) 0.003
Surgical 8/31 (25.8) 9/45 (20.0) 0.59
Mediastinal 4/22 (18.2) 2/58 (3.4) 0.046
Other 6/48 (12.5) 3/40 (7.5) 0.50
Initial sampling type
[n (%)]
Cytology? 36/164 (22.0) 6/149 (4.0) <0.0001
Biopsy or 9/74 (12.2) 12/134 (9.0) 0.48
surgical

2 Combined fine-needle aspiration and non—fine-needle aspiration
cytology.

p=0.35 p<0.0001 p<0.0001 p<0.0004 p<0.0002
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FIGURE 1 Immunohistochemistry (IHC) use during 2007-2009 and
2013-2015 (light grey, IHC not performed; dark grey, IHC performed).
(A) By sampling method. (B) By sampling type.

the best treatment approach. We observed a clear shift in
diagnostic testing patterns over time, with greater use of
mediastinal sampling procedures and significant uptake
of IHC and biomarker testing as part of routine pathology
assessment. In addition, the pathologic subtyping of lung
cancers has substantiallyimproved, with adecrease in the
proportion of NsCLC NOs diagnoses to 6.4% from 18.9% over
the period of the study.
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FIGURE 2 Molecular testing in adenocarcinoma (light grey, molec-
ular testing not completed; dark grey, molecular testing completed;
2013-2015 cohort). (A) By sampling method. (B) By sampling type.

The rate at which 1HC is being used in lung cancer
diagnosis continues to rise, particularly in cases of NSCLC
Nos. Studies have shown that appropriate use of 1HC could
result in an additional classification rate of 72%-86% for
samples originally classified as NSCLC NOs using morphology
analysis alone?”28, When histology cannot be confidently
established because of scarce material or lack of definite
morphology (or both), 1HC should be used to further char-
acterize the tumour after the initial morphology examina-
tion and to provide guidance about appropriate treatment
selection?®. Even in cases of clear-cut morphology, 1HC
could still be used to exclude metastatic extrapulmonary
carcinoma3’. Greater use of THC has led to greater accuracy
of pathologic subtyping and allowed clinicians to strategize
bothtestingand treatment. Notably, rather than an exhaus-
tive set of stains being used, which could lead to insufficient
samples being available for molecular testing, a selected
1HC panel should be used. For example, a diagnostic panel
for lung cancer could include a limited number of stains,
such as TTF1, cytokeratin 7, napsin A, and p40 or another
squamous carcinoma marker.

The decrease in NSCLC NOS over time was driven largely
by improved subtyping of cytology samples. However,
in our study, we also saw significant uptake in 1HC use in
core biopsy and resection specimens. Recent studies have
concluded that cytologic subtyping of NscLcC is feasible and
accurate for diagnosis®' and that, compared with small bi-
opsysamples, it yields comparable rates of definitive NSCLC
subtyping®2. Although biopsy samples might sometimes
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provide more diagnostic material for analysis, advantages
for cytology specimens for mutation testing have been
identified33-36, In addition, molecular testing of cytology
cell blocks yields success rates similar to those achieved
with histology samples®?, with several cytology methods
and preparations being available3?. Thus, cytology samples
represent an effective and minimally invasive diagnostic
option for the histologic and molecular classification
of NscLC.

Although the use of image-guided procedures re-
mained unchanged, mediastinal sampling procedures
(that is, by EBUS), increased substantially over time, and
diagnostic bronchoscopy decreased. Although bronchos-
copy remains widely used (in particular, to rule out other
diagnoses), it is less likely to yield a definitive diagnosis if
limited specimen amounts are obtained39-#!. However, ad-
vances in bronchoscopic technique, including ultrasound
guidance and rapid onsite evaluation of cytology have led
to greater precision in diagnosis*?. Furthermore, cytology
specimens obtained from EBUS procedures have been found
to be suitable for diagnostic use in routine practice and,
combined with 1HC, to reduce the rate of NsCLC NOs*344. Com-
pared with conventional diagnostic procedures, EBUS has
also been shown to reduce time to treatment decisions*.
The increasing use of EBUS sampling can effectively guide
individualized patient therapy with samples suitable for
pathologic subtyping and molecular analysis, recognizing
the importance of operator performance and rapid onsite
evaluation to enhance diagnostic success.

In our study, we were unable to capture the proportion
of pathologic diagnoses that were made on the basis of IHC
results when morphology alone was nonspecific. Another
limitation is that, although patients might have had mul-
tiple diagnostic samples collected on initial lung cancer
assessment, we used the most definitive sample report.
Further staining and classification were often deferred to
specimens with the most cell content when multiple sample
types were available. Surgical resection was used as the
initial method of diagnosis in a small number of cases, in
which patients diagnosed with clinical early-stage lung
cancer were found, on resection, to have advanced-stage
disease—for example, pleural involvement. Lastly, it must
be recognized sample quality can be affected by oper-
ator expertise—for example, samples obtained by EBUS.
However, the latter limitation did not appear to negatively
affect the results of our study, which showed high rates of
pathologic subtyping regardless of EBUS use.

CONCLUSIONS

Customizing treatment based on pathologic subtype and
molecular genotype has become essential in the diagno-
sis and treatment of patients with advanced-stage NSCLC.
A clear shift in diagnostic testing practices has occurred
over time at our centre, with greater uptake of routine 1HC
use and biomarker testing. As novel therapies emerge and
diagnostic techniques evolve for patients with lung cancer,
assuringthe greater accuracy and consistency of pathologic
and molecular diagnosis will help to optimize treatment
and therapeutic outcomes for patients with lung cancer.
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