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ABSTRACT

Background: Colorectal cancer (CRC) ranks as the third most commonly diagnosed cancer in males and the second in females. According to the
TNM staging system, status of the draining lymph nodes is a key pathologic characteristic. Inadequate lymph node harvesting may result in under
treatment of patients. The purpose of the present study was to evaluate the factors that influence the number of lymph nodes retrieved in colorectal
cancer specimens.

Methods: Sixty five patients with histologically proven colorectal adenocarcinoma over a period of 18 months were included. All patients
underwent surgical resection for their disease. All significant patient, tumour and treatment variables were assessed for their impact on the average
total number of lymph node harvested. Further, the efficacy of the GEWF solution (glacial acetic acid, ethanol, distilled water, formaldehyde) in
lymph node retrieval was also assessed.

Results: In this study, 43 men and 22 women with a median age of 61 years were included. The median total number of lymph nodes examined was
17. 87.6% had adequate (> 12) lymph nodes examined, and 12.4% had <12 nodes examined. The number of lymph nodes were found to be higher
and statistically significant in under 60-year-old group (p=0.001), tumours of size > Scm (p=0.002), tumours of the ascending colon (p=0.025) and
cases operated on by super specialist surgeons (p=0.017).Factors such as gender (p=0.23),BMI (p=0.22),tumour differentiation (p=0.348) and T
staging (p=0.026) had no statistically significant association with lymph node harvest. Mean LN count was significantly higher (p = 0.0001)
regrossing by a senior pathologist. However a statistically significant increase in LN harvest was not seen (p=0.159) when specimens were further
subjected to GEWF treatment.

Conclusions: This study indicates that several modifiable factors impact LN retrieval and hence gives scope for improvement. Refinement of
surgical and pathological care is suggested especially in challenging cases like rectal cancer and elderly patients.
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INTRODUCTION

Colorectal cancer (CRC) ranks as the third most commonly diagnosed
cancer in males and the second in females. In 2012, over 1.4 million
new colorectal cancer cases were reported worldwide with an
estimated 6, 93,900 deaths (1).

The most commonly used staging system for CRC is the American
Joint Committee on Cancer (AJCC) tumour node metastasis (TNM)
staging system. According to this system, a key pathologic
characteristic in determining the stage of disease in colon cancer is the
status of the draining lymph nodes (2). The reason that nodal
involvement is such a crucial feature is its impact on a patient's
likelihood of long-term cure. The presence of lymph node metastases
usually modifies the therapeutic recommendation for a patient, with
node positive patients being offered adjuvant chemotherapy.

The number of lymph nodes retrieved from a case of CRC will hence
invariably play a pivotal role in accurate staging of the disease.
Inadequate lymph node harvesting may result in underestimation of
the positive lymph nodes and hence under treatment of patients (3).
After years of debate and research, it is now considered that a
minimum of 12 lymph nodes have to be harvested to correctly stage
colorectal cancer. (4) (5) Despite several such recommendations,
inadequate lymph node evaluation is still common. Many clinico-
pathological factors have been implicated for this inadequacy.
Considering the importance of tumour staging and the relevance of
lymph node harvest in the assessment of tumour stage, a detailed
analysis of the factors with incorporation of possible improvements is
the need of the hour.

MATERIALAND METHODS

This was a descriptive study conducted at the Department of
Pathology, Amala Institute of Medical Sciences, a tertiary care centre
in South India. A total of 65 confirmed cases of colonic or rectal
carcinoma cases were studied.

Inclusion Criteria
1. Patients with invasive colorectal carcinoma.

Exclusion Criteria
1. Patients with pathologies other than colorectal carcinoma
2. Patients with unresectable or inoperable disease.

3. Patients who have undergone pre-operative neoadjuvant therapy.

A predesigned clinical proforma was used to document the particulars
of the patient relevant to this study . The specimens were received in
adequate volume of 10% formalin which were then cut open and fixed
for a minimum period of 24 hours. After fixation, grossing of the
specimen was done as per standard protocol. The tumour was then
sectioned serially, assessing the depth of tumour infiltration and the
serosal and circumferential resection margins wherever applicable.
Appropriate selection of the blocks was done after examining the
tumour slices where the tumour infiltration in the wall was judged to be
maximum. The lymph nodes are then carefully dissected from the
pericolic/perirectal fat. The pericolic/perirectal fat was then examined
by a senior pathologist for any lymph nodes missed on initial grossing.

The pericolic/perirectal fat was then removed and subjected to fat
clearance using the Glacial acetic acid, Ethanol,distilled Water,
Formaldehyde (GEWF) solution. It was submerged in approximately 1
L of GEWF (which corresponds to 2—3 volumes of pericolic fat) for 12
to 18 hours. Following GEWF treatment, the pericolic/perirectal fat
was examined again for any extra lymph nodes. All lymph nodes,
however small, were processed and examined histologically.

For statistical analysis, the data was entered into suitable Excel
Worksheets and analysed using IBM SPSS version 16.0 statistical
software. All continuous variables were summarized as mean and
standard deviation and categorical variables as frequency tables. The
variables were evaluated using the independent t test, paired t test and
ANOVA. The p-value for ascertaining statistical significance was set at 0.05.

RESULTS

In this study, patients were divided into two groups based on age. The
mean number of lymph nodes were found to be significantly higher
(p=0.001) in under 60-year-old group when compared to older age
groups. (Table 1).

Table 1: Comparison Of Mean Lymph Nodes By Age Group

Variables Patients| Mean total|95% CI for|p value
Mean's
difference
LN |SD
[< 60 years [30 20.93[6.61
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Age 3.11 —8.41 0.001
> 60 years |35 15.17)3.89
Mean amount of lymph nodes harvested in men was 17.19 and in
women was 19.09 respectively. There was no statistically significant
difference between gender and lymph node retrieval (p=0.23) (Table 2).

Table2: Mean Lymph Nodes Harvested Vs Gender

Variable Patients |Mean total |95% CI for |p value
Mean's
difference
LN |SD
Gender |Male 43 17.19 |53 |-5.04—1.24 ]0.23
Female |22 19.09 |7.2

Similarly no statistically significant association was seen between
BMIand LN harvest. (p=0.22) (Table 3).

Table 3: Mean Lymph Nodes Harvested Vs BMI

Variable Patients |Mean total |95% CI for p value
Mean's
difference
LN |SD
BMI |18-22 |46 17.24 |6.13 |-5.29—-1.24 0.22
23-25 |19 19.26 |5.66

The influence of tumour size was studied using 5 cm as the reference.
Tumours of size > 5cm had a mean LN harvest of 19.48 which was
significantly higher (p=0.002) than that of tumours which measured <
Scm. (Table 4).

Table 4: Mean Lymph Node Harvested Vs Tumour Size

Variable Patients| Mean total |95% CI for |p value
Mean's
LN [SD difference
Tumour |>5cm |42 19.4816.20 [1.72-7.57 ]0.002
size <5cm |23 14.83]4.38

When the location of tumour is taken into consideration (Tabe 5),
number of lymph node retrieved in the ascending colon was more than
those in other sites, which was found to be statistically significant (p=0.025).

Table S: Mean Lymph Node Harvested Vs Tumour Location

Variable Patients | Mean total |95% CI for |(p value
Mean's
difference
LN ([SD
Location |A colon |18 21.39 [7.1 |16.33-19.32]0.025
D colon |6 17.67 {5.39
Sigmoid |13 16.54 |14.48
Rectum |28 16.18 (4.27

The length of specimens was also compared with the number of lymph
nodes retrieved (Table 6).

Table 6: Mean Lymph Node Count Vs Specimen Length

\Variables Patients[Mean total[95% CI for |p value
Mean's
ILN |SD [difference
Specimen [0-10cm |5 17.6019.96 |16.34 - 19.32(0.106
length 10-20 cm 38 17.9515.00
20-30cm I3 15.1516.71
30-40cm [7 19.86 [5.40
40cm |2 26.50 [3.54

This comparison did not show any significant change in LN harvest
with variation in specimen length. Lymph node retrieval in well-
differentiated tumours was less than in moderately differentiated
tumours. However this result was not statistically significant
(p=0.348). (Table 7).

Table 7: Mean Lymph Node Count Vs Tumour Grade

Variables Patients | Mean 95% CI for |p value
total Mean's
LN [SD |difference
Tumour |Well 25 16.76(4.95/16.33 - 19.32 |0.348
grade |differentiated

Moderately |39 18.64{6.60
differentiated

Poorly 1 13.00
differentiated

T staging was done in patients with CRC. The number of lymph nodes
retrieved in patients with T3 and T4 was more than in patients with T1
and T2. However there was no statistically significant difference
between T staging and lymph node retrieval (p=0.026) (Table 8).

Variables Patients| Mean Total 95% CI  |p value
LN |SD [for Mean's
difference
Primary Tl and T2 |19 16.84|5.82 |-4.69 - 1.89(0.399
tumour stage| T3 and T4 |46 18.24[6.12

Thirteen patients were operated on by general surgeons. The mean
amount of lymph nodes harvested was 14.31. Specialist surgeons
operated on 52 patients. The mean amount of lymph nodes was 18.71,
and this difference was statistically significant (p=0.017) (Table 9).

Table 9: Mean Lymph Node Count Vs Operating Surgeon

Variable Patients| Mean Total|95% CI |p value|
for
LN [SD |Mean's
difference
Surgeon| General Surgeon| 13 14.31{3.92 |-7.99-- ]0.017
Specialist 52 18.71]6.16 [0.81
Surgeon

Quality of pathological care was assessed by successive grossing of
specimens by a junior pathologist and then a senior pathologist. The
extra lymph nodes harvested by the senior pathologist are added to the
tally of lymph nodes harvested by the junior pathologist. This is under
the assumption that the senior pathologist would have retrieved the
extra lymph nodes in addition to the ones harvested by the junior had
the senior pathologist grossed first. It was observed that the mean LN
count after initial grossing by a junior pathologist was only 11.38 but it
increased to 16.37 upon re-grossing by a senior pathologist. The mean
difference was 4.98, i.e. on an average, 4.98 extra LNs were being
retrieved by the senior pathologist on re-grossing, which is statistically
significant. (Table 10) Efficacy of enhancement techniques, with
GEWEF being used in the current study was also assessed by the same
successive grossing technique.

Table 10: Mean Lymph Node Count: Junior Pathologist Vs Senior
Pathologist

Groups

Mean |SD [95% Confidence Interval for|p value
Mean

Lower Bound |Upper Bound
LN harvest by | 11.38 |5.53(10.01 12.76

junior Doctor
LN harvest by |16.37 |5.75|14.95 17.79
senior Doctor

0.0001

The specimens which were grossed by the junior and senior
pathologists were then subjected to GEWF treatment and a search for
extra LNs was made. Hence a comparison was being made between
LNs harvested by manual dissection alone and following the use of
visual enhancement techniques. However, data shows that a
statistically significant increase in LN harvest was not seen. (Table11).

Table 11: Mean Lymph Node Count: Manual Dissection Vs GEWF
Solution

Groups Mean [SD [95% Confidence Interval for|p value
Mean
Lower Bound|Upper Bound

LN harvest [16.37 |5.75 [14.95 17.79 0.159

by manual

dissection

LN harvest [17.83 [6.02 |16.37 19.29

after GEWF

treatment

The excess LNs discovered following grossing by senior pathologist
and GEWF treatment were assessed for evidence of metastasis. The
mean positive lymph nodes rose from 1.4 to 1.9 following re-grossing
by the senior pathologist (Table 12). This further increased marginally
to 1.93 following GEWF treatment (Table 13). However this rise in
positive lymph nodes were not statistically significant.
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Table 12: Mean Positive Lymph Node Count: Junior Pathologist
Vs Senior Pathologist

Groups Mean|SD  (95% Confidence Interval |p value
for Mean
Lower Bound|Upper Bound
Positive LN |1.40 (2.70 |2.05 3.35 0.478
harvest by
junior Doctor
Positive LN |1.90 [3.56 |2.7 442
harvest by
senior Doctor

Table 13: Mean Positive Lymph Node Count: Manual Dissection
Vs GEWF Solution

Groups Mean|SD |95% Confidence Interval |p value
for Mean
Lower Bound| Upper Bound
Positive LNs in |1.90 |3.56|2.7 4.42 0.988
harvest by
manual
dissection
Positive LNs in |1.93 [3.62(2.74 4.5
harvest after
GEWF
treatment
DISCUSSION

Proper staging of primary colorectal carcinoma is of prime importance
in assessment of prognosis as well as for treatment. Harvesting
adequate number of lymph nodes (LNs) from a colorectal specimen is
an essential part of this process. Positive lymph nodes are the main
criterion to determine the need for adjuvant chemotherapy (3).
Inadequate lymph node assessment is associated with poorer outcome
in terms of tumour recurrence and patient survival. Infact, patients
labelled lymph node negative on the basis of a low lymph harvest are
deemed as being at high risk of recurrence by some authors and thus are
ideal candidates for adjuvant therapy (6). The low lymph node harvest
is likely to be an indicator of poor quality surgical or pathologic care.

After much debate, various organisations like the National
Comprehensive Cancer Network (NCCN), the American Association
of Clinical Oncology (ASCO) and the American College of Surgeons
have now endorsed 12 as the minimal number of LNs that have to be
harvested for optimal staging (4) (5) (7). Though there have been
conflicting reports about this number, like Cianchi et al. who states that
9 LN are sufficient (8), the vast majority of pathologists agree on the
number 12.

The current study demonstrated a mean lymph node retrieval of 17.83
which was considerably higher than the mean in most of the available
literature. The percentage of cases without adequate lymph node
harvest was also significantly low. Out of the 65 cases in this study,
only 8 cases had a LN harvest of less than 12 which accounts for only
12.3 % of cases [Figure 10].

However, literature shows that in spite of all the advancements in this
field, this minimum number of LNs is still not achieved in all cases.
Recent data from the United States show that lymphadenectomy is
inadequate in 48% to 63% of cases (9). Studies by Johnson et al. and
Mitchell etal. on CRC cases in the United Kingdom also demonstrated
a deficit in LN harvest in 33% and 50% cases, respectively. (10) (11).
This variability has been explained to be due to the interplay of various
factors relating to the patient, tumour and quality of care.

Patient Factors

Age

Age is an important determinant of LN yield. Our study found that the
age of the patient affected lymph node retrieval (p=0.001) [Table 1].
The mean number of LNs harvested from colorectal cancer patients <
60 years of age was 20.93 and> 60 years was 15.17 respectively.

Reduction in LN harvest with age is an established finding by almost
all authors. With 50 years as the reference age, Ghahramani et al.
showed that the mean LN retrieval was 11.11 and 8.27 in patients aged
<50 and >50 respectively (36). Norwood et al., Chou et al. and Hakki
etal. also showed similar trends in their observations (12) (13) (14).

Gender
The current study did not find any statistically significant correlation

between mean lymph node count and gender of the patient. Though the
mean LNs harvested is more in females (19.09), the difference in LN
harvest between the two genders was not found to be statistically
significant [Table 2].

Reports in the literature are also conflicting thereby rendering a
doubtful role for sex of the patient on lymph node harvest. While most
authors claim that sex of the patient is unlikely to be a parameter (12)
(14), there are some others like Fan et al. and Chenet al. who mention
greater sampling in females (15) (16). However they report very low
statistical significance and hence are of doubtful clinical relevance.

BMI

With latest data considering 23 as the cut off for BMI for the Asian
population, cases in the present study were classified into groups based
on the above reference value. Upon calculation of mean lymph node
count for the two groups, no significant difference was observed
(p=0.22) [Table 3] thereby arriving at the conclusion that BMI had no
role to play in lymph node harvest.

However, this result is contradictory to the results obtained by a
majority of authors like Kuo et al. and Shibakita et al. (17) (18) who
have specifically studied the effect of BMI alone on LN harvest. They
showed a lower harvest in patients with high BMI. This difference has
been postulated by some authors to be due to a more difficult surgical
dissection in obese individuals. (6) (7).

Tumour Factors

Tumour Size

Size of the tumour is undoubtedly an important factor determining LN
retrieval. It is believed that larger tumours elicit a stronger immune
response and hence make the LNs more visible to the naked eye (19).
In agreement with this hypothesis, our study showed a similar trend.
Tumours of size <5 cm had a mean LN harvest of 14.83 which was
considerably less than tumours measuring more than 5 cm (Mean LN-
19.48). With a p value of 0.002, tumour size does indeed play a
statistically significant role in LN harvest [Table 4].

Chou etal. had also observed a specific 2% increase in LNs for every 1
cm increase in tumour size (13). Similarly, Mekenkamp et al. observed
an increase in LN harvest by 3 nodes between tumours measuring
<2cm and 2-5cm and by a further 3 nodes from 2-5cm and >5cm (20).

Tumour Location

With regard to tumour location, our study obtained results that
conformed to the literature. Right sided colon cancers had a mean
21.39 LNs harvested against 17.10 for left sided tumours (tumours in
the descending colon and sigmoid colon combined)which was
statistically significant (p=0.025). [Table 5].

In CRC cases with primary tumour in the colon, Baxter et al. reported
that patients with right sided lesions had adequate LN harvests unlike
patients with left sided disease (21).

Wright et al. observed that a median number of 12 LNs and 9 LNs were
harvested for the right and left colon, respectively (22).

Though our study had maximum patients with primary in the rectum
(n=28), the mean number of LNs harvested is 16.18 which was the
least compared to all other sites. Our result complies with data from
literature and could possibly be explained by the difficulty in retrieving
LNs rectal cancers due to the smaller size of the LNs (23). Hence
tumour location is a very important factor determining lymph node harvest.

Specimen length

It has been postulated that since the ascending colon is longer than
other parts of the colon, the increased length of the specimen might be
one of the reasons why more lymph nodes were harvested in the right
sided tumours of the colon. However in the current study, though a
greater number of lymph nodes were harvested in the ascending colon,
specimen length did not show a statistically significant association
with lymph node count thereby refuting the postulation. Data did show
an increase in LN harvest with increase in length, but was insignificant
(p=0.106) [Table 6].

However studies by authors on this matter have shown specimen
length to have a significant impact on LN harvest. Wright et al. and
Johnson et al. found a statistically significant correlation between the
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length of the specimen and lymph node retrieval giving more weight to
the above hypothesis (22) (24). Hakki et al. too obtained similar results
thereby further substantiating the positive correlation between
specimen length and LN harvest (14).

Tumour Grade

CRC cases are graded as well differentiated, moderately differentiated
and poorly differentiated based on their differentiation, i.e. their level
of resemblance to the normal histology. In our study, the maximum
cases were of moderate differentiation (n=39) with a mean LN count of
18.64. This was followed by well differentiated carcinomas which had
a mean 16.76 LNs harvested. Only one poorly differentiated
carcinoma was obtained in the study. Since the p value was statistically
calculated to be 0.348, the difference in mean LN count was concluded
to be insignificant. [Table 7].

This was however contrasting to the results obtained by Hakki et al.
They found lymph node retrieval in tumours with well-differentiated
cancers to be less than in tumours with poorly differentiated cancers
(14).Several others too reported a similar tendency notably Baxter et
al.and Leeetal. (21) (25)

Tumour stage

As it is expected, all authors report that as tumour stage progresses
from T1 to T4, lymph node retrieval increases. Even in the present
study, the mean number of LN retrieved in patients with T3 and T4
stage tumours were more than in patients with T1 and T2 tumours.
Despite the increase, it was not statistically significant. [Table 8]
Reports in the literature are both compliant and contradictory to the
present study. While some authors like Wright et al. (22) obtained
similar results as the present study, others like Chou et al. (13)
demonstrated a stark contrast. Baxter et al. went on to try and find the
reason for this trend but in vain (21). Thus, this issue calls for more
investigation.

Modifiable Factors

Surgeons And Surgery

Surgeon's experience and specialisation are two important parameters
that adjudge the quality of surgical care which can directly affect LN
harvest. Existing literature supports the assumption that quality of
surgery influences the number of nodes harvested. Even our study
raises valid questions regarding the significance of surgical training in
relation to the lymph node harvest in resected specimens. Statistically
significant difference in LN harvest was seen in cases operated on by
general surgeons and specialist surgeons. Mean LN harvest in CRC
cases operated by surgeons with superspeciality training was 18.71
compared to 14.31 in cases operated by general surgeons. This is a
significant difference (p=0.017) which could be due to the greater
radicality of surgery performed by superspecialist surgeons [Table 9].

A higher average nodal harvest in CRC cases operated by surgeons
with a specialisation training was reported by Johnson et al. (24).
However a consensus cannot be reached with this data, as studies in the
UK have shown no statistically significant difference in lymph node
harvest between general and specialist surgeons (12).

Pathologists

Among the modifiable factors, literature shows that the influence of
pathologist is much greater than that of the surgeon (79). The present
study aimed to assess the influence of pathological expertise on lymph
node retrieval. For this, the specimens initially grossed by a junior
pathologist were re-grossed by a senior pathologist. It was observed
that following lymph node harvest by the senior pathologist, there was
an increase in mean LN count by 4.98 [Table 10]. This is a significant
value which highlights the importance of experience beyond doubt.

Studies from different parts of the world like Mekenkamp et al. from
Netherlands, Thorn et al. from UK and Reiger et al. from Australia also
report dissimilarities between pathologists harvesting LNs that were
significant statistically (20) (26) (27). These studies prove that
meticulousness of the pathologist and allied staff can go a long way in
improving LN harvest. Ostadi et al. cited that out of all the factors
affecting LN harvest, it is the quality of pathological care which is the
most important determinant of LN harvest (23). Johnson et al. found
that specimens that underwent gross examination by a staff pathologist
had more lymph nodes identified than those retrieved by pathology
residents (24).

Pathological Techniques To Increase Nodal Yield

As stated earlier, the quality of pathological care is perhaps the most

important determinant of LN retrieval. Hence it is imperative to
employ methods or techniques to increase the efficiency of the
pathologistin LN harvest. Techniques involving highlighting of lymph
nodes, collectively called 'visual enhancement techniques' have been
tried with mixed results. Starting with Gilchrist et al. in 1938 (28) with
the use of alcohol, different solutions like xylene, acetone etc. have
been tried by researchers with mixed results.

The GEWF solution used in this study was first used by Koren et al. in
1997 following which it gained a lot of attention (29). Being relatively
free of toxic side effects, we had favoured the use of this solution over
several others in our study. Following manual dissection, a repeat
examination for any missed LNs revealed an increase in mean LN
count by 1.47, but this increase was not statistically significant
[Table11]. Hence, we arrived at the conclusion that a thorough manual
dissection is in fact superior to the use of visual enhancement
techniques in the retrieval of lymph nodes.

GEWEF solution has met with mixed results in different studies. The
effectiveness of this solution was demonstrated by Newell et al. in their
exhaustive study which showed a definite increase in LN harvest with
the use of GEWF solution. A mean increase of 10.2 + 4.9 per case for
GEWF vs 6.8 + 3.9 per case for non-GEWF was observed (30).
Though their work was comprehensive their results were not definitive
as contradictory reports are present in literature. Gregurek et al. and
Abbassi-Ghadi et al. differed with Newell et al. and arrived at the
conclusion that these techniques were not particularly useful (31) (32).

With the discovery of missed lymph nodes either by the senior
pathologist or following GEWF treatment, a search for evidence of
metastasis was made in the extra lymph nodes. This could upstage the
tumours thereby even changing their treatment protocol. Our study
showed that the mean positive lymph node count rose from 1.4 to 1.9
following grossing by the senior pathologist (Table 12). The mean
difference of 0.5 is however insignificant. Similarly the mean positive
lymph node count rose by a trivial 0.03 to 1.93 following lymph node
retrieval after subjecting the specimens to GEWF which was also
statistically insignificant (Table 13).

A similar inference can be drawn from the pioneering work done with
GEWEF solution by Newell et al. and Gregurek et al. They found that,
though the number of lymph nodes retrieved with evidence of
metastasis was higher following GEWF treatment, this increase was
not statistically significant (30) (31).

CONCLUSION

The current study established that LN harvest from CRC surgical
specimens depends on various patient, tumour and clinico-pathologic
factors. This study indicates that lymph node retrieval was not affected
by gender, BMI, specimen length, tumour stage and tumour
differentiation. However, there are several parameters that play a
noteworthy role in LN harvest. Age is the only significant patient factor
that has an impact on LN harvest. As far as tumour parameters are
concerned, tumour location and tumour size are significant
determinants. Though the above are non-modifiable factors, the
modifiable factors also have a significant impact on LN retrieval which
thereby gives scope for improvement and increase staging accuracy
and overall prognosis. Surgical specialist training can cause a
profound increase in LN harvest. The significance of quality of
pathological care and experience of the pathologist has also been
stressed. All of these factors are likely to be more or less accountable
for LN harvest. LN retrieval in primary rectal cancer continues to be a
challenge, as does LN harvest in elderly patients. Unending emphasis
should be employed on improving quality of surgical and pathologic
care to improve overall LN yields.
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