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Abstract
BACKGROUND
The needs for human epidermal growth factor receptor 2 (HER-2) and/or
programmed death-ligand 1 (PD-L1) evaluations in gastric cancer are
dramatically increasing. Although the importance of standardization of sample
fixation has been widely recognized, most of the evidence regarding the fixation
duration or type of fixing solution are based on breast cancer.

AIM
To investigate the real effects of fixation conditions on HER-2 testing or PD-L1
testing for gastric cancer using gastrectomy specimens.

METHODS
Thirty-two patients who underwent gastrectomy for gastric cancer were enrolled.
Their resected specimens were each divided into four pieces and fixed in four
strictly controlled different durations (6 h, 24 h, and 48 h, and 1 wk) by 10%
formalin (n = 22) or 10% neutral buffered formalin (NBF) (n = 10).
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Immunohistochemistry (IHC) of HER-2 and PD-1 was performed, and a
pathology examination was conducted. In the HER-2-immunoreactive cases, all
four specimens were subjected to dual-color in situ hybridization (DISH). Five
cases were assessed as HER-2-positive by IHC and DISH. We used the cut-off
values of 1%, 10%, and 50% to assess the IHC findings of PD-L1.

RESULTS
No significant difference was observed in comparisons between the shorter
fixation period groups (6 h, 24 h, and 48 h) and the prolonged fixation period (1
wk) group in the HER-2 and PD-L1 analyses. Although no significant difference
was observed between 10% formalin and 10% NBF within 1 wk of fixation, the
superiority of 10% NBF was confirmed in a long-term (> 3 mo) fixation in both
the HER-2 and PD-L1 analyses.

CONCLUSION
In this small-numbered pilot study, prolonged fixation within 1 wk showed no
inferiority in HER-2 or PD-L1 testing. However, a large-numbered prospective
study is needed to obtain conclusive results.

Key words: Gastric cancer; Programmed death-ligand 1; Human epidermal growth factor
receptor 2; Neutral buffered formalin; Fixation time
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Core tip: We prospectively investigated the real effects of fixation conditions on human
epidermal growth factor receptor 2 (HER-2) or programmed death-ligand 1 (PD-L1)
testing for gastric cancer using 32 cases of gastrectomy specimens. We analyzed these
resected specimens dividing into four pieces and fixed in four strictly controlled different
durations (6 h, 24 h, and 48 h, and 1 wk) by 10% formalin or 10% neutral buffered
formalin. In this small-numbered pilot study, the prolonged fixation within 1 wk showed
no inferiority in HER-2 or PD-L1 testing. These results will provide supporting
information for the interpretation of HER-2 and PD-L1 testing for prolonged fixation
cases due to unavoidable circumstances.
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INTRODUCTION
After the results of 2010 international prospective randomized phase III trial (the
ToGA study)[1],  trastuzumab therapy  combined with  chemotherapy  became the
standard treatment for human epidermal growth factor receptor 2 (HER-2)-positive
advanced  gastric  cancer.  The  needs  for  HER-2  evaluations  in  gastric  cancer  by
immunohistochemistry (IHC) and/or in situ hybridization (ISH) has dramatically
increased and the importance of standardization of HER-2 testing has been widely
recognized.

It  was noted that fixation procedures affect the results of HER-2 testing[2].  The
updated  2013  American  Society  of  Clinical  Oncology/College  of  American
Pathologists  (ASCO/CAP)  guideline  recommends  the  fixation  of  HER-2  testing
specimens in 10% neutral buffered formalin (NBF) for 6 to 72 h[3,4]. However, in some
cases  it  may  be  difficult  to  strictly  control  the  formalin  fixation  time  due  to
institutional constraints,  and the fixation time may exceed 72 h.  Moreover,  some
institutions do not use 10% NBF as a standard fixation solution. Even though some
institutions strictly control the formalin fixation times and use 10% NBF in their
routine work, it is sometimes necessary to perform HER-2 testing using previous
formalin-fixed paraffin-embedded (FFPE) gastric cancer tissues for which the fixation
solution and/or duration have not been managed.
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There is not enough evidence regarding the interpretation of the results of HER-2
testing for gastric cancer conducted using fixed solutions other than 10% NBF or
prolonged-fixation  specimens.  Most  of  the  evidence  regarding  the  relationship
between HER-2  testing  and the  fixation duration or  type  of  fixing solution was
obtained in studies of breast cancer[5-11]. Although it seems reasonable that the findings
obtained for  breast  cancer  may be applicable  to  gastric  cancer,  the data that  are
specific to gastric cancer are needed, because characteristics of HER-2 overexpression
(e.g.,  positivity and heterogeneity)  are quite different between breast  cancer and
gastric cancer[12-14]. We could find only one study using a xenograft model of gastric
cancer cell lines[15] and a single clinical study of gastric cancer[16] that analyzed the
association between HER-2 test results and the formalin fixation status.

A significant  therapeutic  effect  of  a  humanized monoclonal  antibody against
programmed death-1 (PD-1) was confirmed for non-small-cell lung cancer (NSCLC),
which has shown a high level of programmed death-ligand 1 (PD-L1) expression[17],
after which the need for the immunohistochemical evaluations of PD-L1 in NSCLC
specimens has greatly increased. In gastric cancer, a multicenter, open-label, phase 1b
trial recently reported the safety and efficacy of a humanized monoclonal antibody
against PD-1 for patients with PD-L1-positive advanced gastric cancer[18]. Therefore,
although the utility of PD-L1 IHC for the prediction of the effectiveness of anti-PD-1
therapy is under investigation[19], it is expected that the need for PD-L1 IHC in gastric
cancer will increase in the near future.

In the present study, we sought to verify the effect of the duration of formalin
fixation on both HER-2 and PD-L1 testing, using surgically resected gastric cancer
specimens.  We  also  attempted  to  determine  whether  prolonged  fixation  (we
considered 1 wk as an appropriate maximum prolonged-fixation duration in a daily
pathology practice)  is  truly inferior  to  a  more standard fixation period.  We also
examined the differences between the uses of 10% NBF and 10% formalin in HER-2
and PD-L1 testing.

MATERIALS AND METHODS

Patients and formalin fixation of resected specimens
This study protocol was reviewed and approved by the Ethics Committee of the
Faculty of Medicine at Saga University (approval No. 29-74), and written informed
consent for the study was obtained from all of the patients. From 2014 to 2016, a total
of 32 consecutive patients with gastric cancer clinically diagnosed as a Type 2 or Type
3 tumor and who underwent a gastrectomy without neoadjuvant chemotherapy were
enrolled  in  this  study.  The  resected  tumor  specimen  from  each  patient  was
immediately treated by a pathologist (K.K.). Each patient’s specimen was divided into
four pieces and fixed by fixing solution for a strictly controlled duration (6 h, 24 h, 48
h, or 1 wk) (Figure 1).  For the first 22 cases, 10% formalin was used as the fixing
solution. For the remaining 10 cases, 10% NBF was used.

IHC and dual-color in situ hybridization (DISH) for HER-2 expression
Paraffin-embedded specimens were sectioned at a thickness of 3 μm and subjected to
IHC and DISH. The HER-2 IHC was performed using the HercepTest II  (Agilent
Technologies,  Santa  Clara,  CA)  on  an  Autostainer  Link  48  platform  (Agilent
Technologies)  per the manufacturer's  instructions.  We outsourced the DISH to a
clinical test company (BML, Kurume Laboratory, Saitama, Japan) and they performed
DISH using a Ventana INFORM Dual ISH HER2 kit (Roche Diagnostics, Tokyo).

Evaluation of HER-2 expression
Our evaluation of the IHC results (score 0, 1+, 2+, and 3+) and DISH results were
based on the Updated 2013 ASCO/CAP guideline[3,4]. If at least one specimen was
score 1+ or more for all four specimen-pieces with different fixation times, all four
pieces were subjected to the DISH analysis.

The assessment of the HER-2 IHC and DISH results was performed by consensus of
two pathologists (K.K. and S.A.). When at least one specimen-piece was revealed to be
positive by IHC or by DISH among the same specimen's four pieces examined with
different fixation times, we considered the result HER-2-positive.

Construction of tissue microarray (TMA), IHC, and evaluation of PD-L1 expression
For the PD-L1 IHC, we prepared a TMA using a JF-4 Tissue Microarrayer (Sakura
Finetek Japan, Tokyo). A tissue core (2.0 mm) from each of a patient specimen’s four
fixation pieces was selected and used for the TMA. We performed IHC of PD-L1 using
the PD-L1 IHC 22C3 pharmDx kit (Agilent Technologies) on an Autostainer Link 48
platform (Agilent Technologies) per the manufacturer's instructions. Membranous
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Figure 1

Figure 1  Representative image of a resected gastric cancer specimen. Each patient’s resected specimen was
immediately divided into four pieces that were individually fixed in a solution for 6 h, 24 h, or 48 h or 1 wk. Insets: Cut
surfaces of the specimen after fixation for each duration.

expression of tumor cells irrespective of its intensity was considered PD-L1-positivity.
The same two pathologists (K.K. and S.A.) assessed the IHC results and achieved a
consensus when necessary. The IHC specimens were categorized into 0%, 1%-9%, and
every 10% of PD-L1-positive cells. We set cut-offs as 1%, 10%, and 50% PD-L1-positive
cells. When at least one of a specimen's four pieces was positive at a given cut-off in a
fixation time, we considered this result PD-L1 positivity.

Statistical analyses
All statistical analyses were performed using JMP ver. 12.2 software (SAS, Cary, NC)
or R version 3.4.4 (free software). The findings from pairs of groups were compared
by Student's t-test or Pearson's chi-square test,  as appropriate.  We compared the
“proper” fixation periods (6 h, 24 h, and 48 h) and the prolonged fixation period (1
wk) was performed by simultaneous tests for linear hypotheses (the difference of the
average of the proper fixation period and the prolonged fixation period) based on a
linear mixed effects model. In this analysis, we used the HER2/CEP17 ratio for the
assessment of DISH findings, and we regarded the finding of “0%-9%” of PD-L1 as
“5%”.  P-values  <  0.05  were  accepted as  significant.  All  statistical  analyses  were
supervised by the co-author statistician (A. K.).

RESULTS

Clinicopathological characteristics and comparison of the 10% formalin-fixed and
10% NBF-fixed groups
The clinicopathological features of the 32 gastric cancer cases are summarized in Table
1.  The  mean age  of  all  patients  is  74.5  years  old;  18  males  and 14  females  were
enrolled. Based on pathological examinations, six cases were classified as T1b2, nine
cases  were  T2,  five  cases  were  T3,  and  12  cases  were  T4a  according  to  TNM
classification. Eighteen cases were classified as intestinal type, and the other 14 cases
were  classified  as  diffuse/mixed type  by  Lauren's  classification.  No significant
difference was observed between the 10% formalin-fixed group (n = 22) and the 10%
NBF-fixed  group  (n  =  10)  in  the  comparisons  of  age,  gender,  T-stage,  Lauren's
classification, HER-2 positivity, or PD-L1 positivity.

Whole IHC data
The whole data of IHC, i.e., both the HER-2 and PD-L1 results, are summarized in
Table 2. Of the 32 cases, 24 (75%) were completely negative (score 0) for HER-2 IHC,
and the remaining eight cases showed positive HER-2 staining of score 1+ or more in
at least  one of  the four specimens pieces (subjected to the four different fixation
times). No significant difference was observed in the comparisons between the three
proper fixation periods (6 h, 24 h, and 48 h) and the prolonged fixation period (1 wk)
groups (P = 0.7713).

Twelve cases (37.5%) were completely negative for PD-L1 IHC, and the remaining
20 cases showed positive staining of  ≥ 1% tumor cells  in at  least  one of  the four
specimen pieces. No significant difference was revealed in our comparisons between
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Table 1  Clinicopathological characteristics and immunohistochemistry results according to
used formalin solution n (%)

All cases (n = 32) 10% formalin (n = 22) 1% NBF (n = 10) P

Age (mean ± SD) 74.5 ± 7.8 73.3 ± 8.0 77.1 ± 7.0 0.2020

Gender 0.7731

Male 18 (56.3) 12 (54.6) 6 (60.0)

Female 14 (43.7) 10 (45.4) 4 (40.0)

T-Stage 0.6793

T1b2 6 (18.8) 3 (13.6) 3 (30.0)

T2 9 (28.1) 6 (27.3) 3 (30.0)

T3 5 (15.6) 4 (18.2) 1 (10.0)

T4a 12 (37.5) 9 (40.9) 3 (30.0)

Lauren's classification

Intestinal 18 (56.2) 12 (54.6) 6 (60.0) 0.7731

Diffuse / mixed 14 (43.8) 10 (45.4) 4 (40.0)

HER-2 IHC

Complete negative1 24 (75) 18 (81.8) 6 (60.0) 0.1966

Final positive by DISH 5 (15.6) 2 (9.1) 3 (30.0) 0.1311

PD-L1 positivity

Cut off 1% 20 (62.5) 14 (63.4) 6 (60.0) 0.8439

Cut off 10% 13 (40.6) 8 (36.4) 5 (50.0) 0.4666

Cut off 50% 7 (21.9) 4 (18.2) 3 (30.0) 0.4535

1The cases that all four specimens of different fixation time were assessed as score 0.
IHC: Immunohistochemistry; NBF: Neutral buffered formalin; DISH: Dual color in situ hybridization; HER-2:
Human epidermal growth factor receptor 2; PD-L1: Programmed death-ligand 1.

the proper fixation period group and the prolonged-fixation group (P = 0.46).

The HER-2-immunoreactive cases, and their DISH findings
The  details  of  the  HER-2  IHC  of  the  eight  cases  which  showed  HER-2
immunoreactivity and the DISH results are summarized in Table 3. As the HER-2
amplification could not be confirmed by DISH analysis, three cases (case nos. 14, 20
and 25) were assessed as “HER-2-negative”. A final total of five cases were assessed as
“HER-2-positive”. Among these five cases, two cases (case nos. 12 and 31) diffusely
expressed HER-2 irrespective of the fixation duration. No significant difference was
observed in the comparisons between the proper fixation period groups and the
prolonged-fixation  group  in  the  analysis  of  HER-2  IHC  (P  =  1.000)  or  the
HER2/CEP17 ratio in the DISH analysis (P = 0.6989).

Among the five HER-2-positive cases, two showed a discrepant expression of HER-
2. In case 22, the 6 h-fixation piece was confirmed as negative by both IHC (1+) and
DISH, and the 24 h-fixation piece was indicated as negative by IHC (1+) but equivocal
by DISH (HER2/CEP17: 1.9, average copy number: 4.4), and both the 48 h- and 1 wk-
fixed pieces were equivocal by IHC but positive by DISH.

In case 27, only the 1 wk-fixed piece was assessed as positive by both IHC (3+) and
DISH; the other three pieces (6 h-, 24 h-, and 48 h-fixed) were negative or equivocal by
IHC and all negative by DISH. We speculate that these discrepant results could be
explained by the heterogeneity of the HER-2 expression of the tumor tissues.

The PD-L1 immunoreactive cases
The details  of the PD-L1 IHC of the 20 cases (excluding the 12 completely PD-1-
negative cases) are summarized in Table 4. In the assessment using the 1% cut-off, all
20 cases were determined as PD-L1-positive. With the 10% cut-off, 13 cases were PD-
L1-positive, and with the 50% cut-off, seven cases were PD-L1-positive. No significant
difference  was  revealed by our  comparisons  of  the  three  proper  fixation period
groups and the prolonged-fixation group in the analysis of PD-L1 IHC (P = 0.4605).

IHC of HER-2 and PD-L1 in the long-fixation cases
We re-assessed the five cases that received the final assessment of HER-2-positivity
and the three of the seven cases assessed as PD-L1-positive with the 50% cut-off (long-
fixed tissue of four cases were unavailable) by HER-2 or PD-L1 IHC using cancer
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Table 2  Whole data of immunohistochemistry according to fixation time

Case No. Formalin
HER-2 IHC score; P = 0.7713 (6 h-

48 h vs 1 wk)1

PD-L1 expression (%); P = 0.46 (6
h-48 h vs 1 wk)1

6 h 24 h 48 h 1 wk 6 h 24 h 48 h 1 wk

1 10% F 0 0 0 0 0 0 0 0

2 10% F 0 0 0 0 10 10 10 1-9

3 10% F 0 0 0 0 0 0 0 0

4 10% F 0 0 0 0 80 80 90 90

5 10% F 0 0 0 0 0 0 0 1-9

6 10% F 0 0 0 0 0 0 0 0

7 10% F 0 0 0 0 0 0 0 0

8 10% F 0 0 0 0 0 0 1-9 1-9

9 10% F 0 0 0 0 0 1-9 0 1-9

10 10% F 0 0 0 0 40 30 30 40

11 10% F 0 0 0 0 1-9 0 10 10

12 10% F 3+ 3+ 3+ 3+ 1-9 1-9 1-9 0

13 10% F 0 0 0 0 0 0 0 0

14 10% F 1+ 2+ 0 0 100 1-9 30 60

15 10% F 0 0 0 0 0 0 0 0

16 10% F 0 0 0 0 1-9 10 1-9 1-9

17 10% F 0 0 0 0 0 0 0 0

18 10% F 0 0 0 0 20 60 20 40

19 10% F 0 0 0 0 1-9 1-9 1-9 0

20 10% F 2+ 0 0 0 80 80 20 1-9

21 10% F 0 0 0 0 1-9 0 1-9 1-9

22 10% F 1+ 1+ 2+ 2+ 0 0 0 0

23 10% NBF 0 0 0 0 0 0 0 0

24 10% NBF 0 0 0 0 0 0 0 0

25 10% NBF 0 1+ 2+ 1+ 10 0 10 0

26 10% NBF 2+ 2+ 2+ 2+ 0 0 0 0

27 10% NBF 2+ 1+ 1+ 3+ 20 70 30 1-9

28 10% NBF 0 0 0 0 0 0 0 0

29 10% NBF 0 0 0 0 1-9 1-9 0 1-9

30 10% NBF 0 0 0 0 100 100 100 100

31 10% NBF 3+ 3+ 3+ 3+ 0 1-9 10 1-9

32 10% NBF 0 0 0 0 70 80 90 90

1Simultaneous tests for linear hypotheses based on a linear mixed effects model.
F: Formalin; NBF: Neutral buffered formalin; HER-2: Human epidermal growth factor receptor 2; PD-L1:
Programmed death-ligand 1.

tissue that had been fixed for very long durations, i.e., 3 mo to 28 mo. The fixation
durations and the IHC results for each case are summarized in Table 5.

All  three  heterogeneous  cases  (cases  22,  26  and  27)  completely  lost  HER-2
expression after long fixation by both 10% formalin and 10% NBF. Of note, the HER-2
expression of case 12, which diffusely and strongly expressed HER-2 (Figure 2A), was
significantly weakened (assessed as 2+) after long fixation by 10% formalin (Figure
2B). In contrast, the HER-2 expression of case 31, which also diffusely and strongly
expressed HER-2 (Figure 2C), maintaining strong expression (3+) even after long
fixation by 10% NBF (Figure 2D).

In case 20, which expressed PD-L1 at the maximum 80% of cancer cells (Figure 2E),
the PD-L1 expression was completely lost after long fixation by 10% formalin (Figure
2F). In contrast, the PD-L1 expression was maintained even after long fixation in cases
30 and 32, which were fixed by 10%NBF (Figure 2G and H).
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Table 3  Human epidermal growth factor receptor 2 immunohistochemistry and dual color in situ hybridization results in Human
epidermal growth factor receptor 2-immunoreactive cases (n = 8)

Case No. Formalin
HER-2 IHC score; P = 1.000 (6 h-

48 h vs 1 wk)1

DISH; HER2/CEP17ratio (average HER2 copy
number); P = 0.6989 (6 h-48 h vs 1 wk)1 Final assessment

6 h 24 h 48 h 1 wk 6 h 24 h 48 h 1 wk

12 10% F 3+ 3+ 3+ 3+ 11.4 (33.7) 10.9 (28.5) 7.1 (20.4) 4.8 (17.4) +

14 10% F 1+ 2+ 0 0 1.2 (3.0) 1.3 (3.3) 1.3 (2.2) 1.3 (2.2) -

20 10% F 2+ 0 0 0 0.8 (2.1) 1.2 (2.8) 1.3 (2.1) 1.3 (2.0) -

22 10% F 1+ 1+ 2+ 2+ 1.6 (3.4) 1.9 (4.4) 2.1 (2.5) 2.1(2.8) +

25 10% NBF 0 1+ 2+ 1+ 1.0 (1.9) 1.1 (2.2) 1.8 (3.1) 1.4 (2.5) -

26 10% NBF 2+ 2+ 2+ 2+ 2.6 (5.2) 3.7 (6.5) 3.5 (6.6) 3.3 (5.7) +

27 10% NBF 2+ 1+ 1+ 3+ 1.1 (2.9) 1.4 (2.8) 1.3 (2.1) 2.2 (4.9) +

31 10% NBF 3+ 3+ 3+ 3+ 4.7 (19.8) 6.7 (21.2) 4.7 (15.7) 7.2 (21.2) +

1Simultaneous tests for linear hypotheses based on a linear mixed effects model.
F:  Formalin;  NBF: Neutral  buffered formalin;  DISH: Dual color in situ hybridization;  HER-2:  Human epidermal growth factor receptor 2;  PD-L1:
Programmed death-ligand 1.

DISCUSSION
In 2007, the ASCO/CAP guideline recommended the fixation duration of 6 h to 48 h
using 10%NBF for HER-2 testing in breast cancer[20], and this recommendation was
changed  to  6  h-72  h  in  the  updated  2013  ASCO/CAP  guideline[3]  based  on  the
accumulated  data  and  to  conform  with  the  ASCO/CAP  estrogen  receptor
(ER)/progesterone receptor (PgR) testing guidelines[21].

Several studies reported that HER-2 expression shown by IHC was comparatively
resistant to prolonged fixation and provided stable results, especially in positive (3+)
cases[4-8]. Regarding fixatives, although the superiority of 10%NBF in IHC[22] and in the
preservation of DNA[23] had been reported, Hashizume et al[7] reported that the HER-2
overexpression rate was not significantly different among 10% NBF, 15% NBF, and
20% formalin. In addition, Moatamed et al[8] analyzed the HER-2 amplification by IHC
and ISH using mastectomy samples subjected to various fixation times with various
fixatives, and they concluded that HER-2 testing results remain accurate beyond the
ASCO/CAP recommendation.

Considering  the  results  of  breast  cancer  studies,  the  ASCO/CAP  guideline
regarding fixation duration seems too strict. However, that guideline was based on
the  concept  of  mitigating  false-negative  results  of  HER-2  testing  and  on  the
conclusions  made  in  consensus  meetings [ 2 4 , 2 5 ] ,  and  thus  that  guideline's
recommendation  is  considered  an  ideal  goal  for  HER-2  testing.  The  findings  of
previous  studies  regarding  fixation  durations  may  be  good  references  for  the
interpretation  of  HER-2  testing  beyond  the  ASCO/CAP  recommendation  in
unavoidable circumstances.

It is well known that the positivity or heterogeneity of HER-2 expression in gastric
cancer  is  quite  different  from that  of  breast  cancer[12-14].  The  HER-2  positivity  in
patients with gastric cancer varied widely (3.8% to 36.6%) in a study using a different
method  for  HER-2  determination [26].  Many  studies  have  demonstrated  the
heterogeneity  of  HER-2  expression  in  gastric  cancer,  and  the  percentages  of
heterogeneity in these studies varied from a minimum of 5% to a maximum of 69%,
although the definition of heterogeneity was not universal in the studies[27-33].

As the HER-2 expression of gastric cancer is  unique,  the effects of  the fixative
conditions on the determination of HER-2 results in gastric cancer may differ from
those of breast cancer. However, the amount of relevant evidence is insufficient. We
could find only one study using a xenograft model of gastric cancer cell lines[15] and a
clinical study of gastric cancer[16] that analysed the association between HER-2 test
results and the formalin fixation status. To the best of our knowledge, no previous
study has prospectively analyzed the effect of formalin fixation on HER-2 expression
using the same gastrectomy specimens under different fixation times, as in the present
study.

Our  analyses  did  not  confirm  the  phenomenon  in  which  the  expression  was
attenuated in proportion to the fixation duration (within 1 wk), in either our HER-2 or
PD-L1  testing.  Rather,  there  were  cases  that  showed stronger  expression  in  the
specimen-pieces fixed for longer durations. We speculate that the reason for these
results is based on the heterogenous expression of HER-2 and PD-L1 in gastric cancer.
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Table 4  Programmed death-ligand 1 expression results of the programmed death-ligand 1 immunoreactive cases (n = 20)

Case No. Used formalin
PD-L1 expression; P = 0.4605

(6 h-48 h vs 1 wk) 1 Assessment (Cut-off
1%)

Assessment (Cut-off
10%)

Assessment (Cut-off
50%)

6 h 24 h 48 h 1 wk

2 10% F 10 10 10 1-9 + + -

4 10% F 80 80 90 90 + + +

5 10% F 0 0 0 1-9 + - -

8 10% F 0 0 1-9 1-9 + - -

9 10% F 0 1-9 0 1-9 + - -

10 10% F 40 30 30 40 + + -

11 10% F 1-9 0 10 10 + + -

12 10% F 1-9 1-9 1-9 0 + - -

14 10% F 100 1-9 30 60 + + +

16 10% F 1-9 10 1-9 1-9 + + -

18 10% F 20 60 40 40 + + +

19 10% F 1-9 1-9 1-9 0 + - -

20 10% F 80 80 20 1-9 + + +

21 10% F 1-9 0 1-9 1-9 + - -

25 10% NBF 10 0 10 0 + + -

27 10% NBF 20 70 30 1-9 + + +

29 10% NBF 1-9 1-9 0 1-9 + - -

30 10% NBF 100 100 100 100 + + +

31 10% NBF 0 1-9 10 1-9 + + -

32 10% NBF 70 80 90 90 + + +

1Simultaneous tests for linear hypotheses based on a linear mixed effects model.
F: Formalin; NBF: Neutral buffered formalin.

It  may be  difficult  to  overcome this  problem of  heterogeneity,  because  it  is  too
expensive to perform HER-2 testing in multiple specimens.

Regarding fixatives, although we observed no significant difference between 10%
formalin and 10% NBF within 1  wk of  fixation,  the superiority of  10% NBF was
apparent in the very-long-term fixation.

Many studies have described the PD-L1 expression in gastric cancer, and a meta-
analysis of 15 studies[34] concluded that (1) the expression of PD-L1 was associated
with the overall survival of gastric cancer patients; and (2) Epstein-Barr virus infection
and microsatellite instability cases are more likely to express PD-L1. Although the
need  for  PD-L1  IHC  in  gastric  cancer  is  expected  to  increase,  the  method  of
assessment for PD-L1 IHC is not yet standardized. The cut-off values of previous
studies varied from 1% to 50% positivity of tumor cells[34].

We assessed the results of our PD-L1 IHC by using cut-off values of 1%, 10%, and
50% because the cut-off values of earlier studies varied widely. Like the results of our
HER-2 IHC, the heterogeneous expression of PD-L1 influenced the results, and no
significant influence of fixative duration on the assessment of PD-L1 IHC findings in
gastric cancer was revealed within 1 wk of fixation. Although we also observed no
significant difference between 10% formalin and 10% NBF within 1 wk of fixation in
our assessment of PD-L1 expression, a significant difference was apparent in the long-
term fixation, and the superiority of 10% NBF was reconfirmed.

The small number of cases (especially HER-2-positive cases) is a limitation of the
present study. We could not perform the IHC/DISH of all of the whole-sectioned
specimens, and we were not able to unify the durations of the very-long-term fixation.
In addition, our results were probably affected by tumor heterogeneity. We therefore
consider  that  our results  were not  conclusive.  However,  our results  provide the
interpretation  of  the  cases  beyond  fixation  duration  of  the  ASCO  /  CAP
recommendation that these cases are also worth HER-2 / PD-L1 examination. This is
clinically very important.

In  conclusion,  we  performed  a  prospective  analysis  to  identify  the  effects  of
formalin fixation on the assessment of HER-2 and PD-L1 expression. Our analyses
revealed that prolonged fixation did not show inferiority within 1 wk of duration.
Although no significant difference was observed between 10% formalin and 10% NBF
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Table 5  Details of long-fixation cases

Case No. Formalin Min. expression (6
h - 1 wk fixation)

Max. expression
(6 h - 1 wk
fixation)

Fixation period
(mo)

Results after long
fixation

HER-2:

12 10% F Score 3+ Score 3+ 19 Score 2+

22 10% F Score 1+ Score 2+ 3 Score 0

26 10% NBF Score 2+ Score 2+ 20 Score 0

27 10% NBF Score 1+ Score 3+ 18 Score 0

31 10% NBF Score 3+ Score 3+ 16 Score 3+

PD-L1:

20 10% F 1%-9% 80% 28 0%

30 10% NBF 100% 100% 16 90%

32 10% NBF 70% 90% 14 70%

F: Formalin; NBF: Neutral buffered formalin; HER-2: Human epidermal growth factor receptor 2; PD-L1: Programmed death-ligand 1.

within a week of fixation, the superiority of 10% NBF was confirmed in the very-long-
term (> 3 mo) fixation. To minimize the risk of false-negative results, it is important to
comply with the ASCO/CAP recommendation as much as possible.  Our present
findings provide supporting information for the interpretation of HER-2 testing and
PD-L1 testing for cases beyond the ASCO/CAP fixation recommendation due to
unavoidable circumstances.
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Figure 2

Figure 2  Representative immunohistochemistry images from very-long-fixation cases. A, B: Human epidermal growth factor receptor 2 (HER-2)
immunohistochemistry (IHC) of case 12. Diffuse and strong HER-2 expression (score 3+) was observed in the specimen piece fixed by 10% formalin for 1 week (A).
The HER-2 expression was significantly weakened (assessed as 2+) after very-long fixation (19 mo) by 10% formalin (B); C, D: HER-2 IHC of case 31. Diffuse and
strong HER-2 expression (score 3+) was observed in the piece fixed by 10% NBF for 1 wk (C), and this expression was maintained (score 3+) even after very-long
fixation (16 mo) by 10% NBF (D); E, F: PD-L1 IHC of case 20. The PD-L1 expression by tumor cells was observed in the piece that underwent 24-h fixation by 10%
formalin (E) but it completely disappeared after very-long fixation (28 mo) by 10% formalin (F); G, H: PD-L1 IHC of case 30. The PD-L1 expression by tumor cells was
observed in the piece that underwent 1-wk fixation by 10% NBF (G) and was maintained even after very-long fixation (16 mo) by 10% NBF (H).

ARTICLE HIGHLIGHTS
Research background
The needs for human epidermal growth factor receptor 2 (HER-2) and/or programmed death-
ligand 1 (PD-L1) evaluations in gastric cancer are dramatically increasing. However, most of the
evidences regarding the fixation duration or type of fixing solution are based on breast cancer.

Research motivation
As the HER-2 expression of gastric cancer is unique, we speculate that the effects of the fixative
conditions on the determination of HER-2 results in gastric cancer may differ from those of
breast cancer.

Research objectives
To investigate the real effects of fixation conditions on HER-2 testing or PD-L1 testing for gastric
cancer using gastrectomy specimens.

Research methods
Resected  gastric  specimens  were  each  divided  into  four  pieces  and  fixed  in  four  strictly
controlled different durations (6 h, 24 h, and 48 h, and 1 wk) by 10% formalin or 10% neutral
buffered formalin (NBF). Immunohistochemistry (IHC) of HER-2 and PD-1 was performed, and
a pathology examination was conducted.

Research results
Prolonged fixation did not show inferiority within the 1-wk period for the assessment of both
HER-2 and PD-L1 expressions. The superiority of 10% NBF was confirmed in the long-term (> 3
mo) fixation.

Research conclusions
In this pilot study, prolonged fixation within 1 wk showed no inferiority in HER-2 or PD-L1
testing. However, a large-numbered prospective study is needed to obtain conclusive results.

Research perspectives
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Our findings provide supporting information for the interpretation of HER-2 and/or PD-L1
testing  for  cases  beyond  the  ASCO/CAP  fixation  recommendation  due  to  unavoidable
circumstances.
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