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Traditionally, lymph node metastases (LNM) evaluation is essential to the
staging of colon cancer patients according to the TNM (tumor—node-
metastasis) system. However, in recent years evidence has accumulated
regarding the role of emerging pathological features, which could
significantly impact the prognosis of colorectal cancer patients. Lymph Node
Ratio (LNR) and Log Odds of Positive Lymph Nodes (LODDS) have been shown
to predict patients’ prognosis more accurately than traditional nodal staging
and it has been suggested that their implementation in existing classification
could help stratify further patients with overlapping TNM stage. Tumor deposits
(TD) are currently factored within the N1c category of the TNM classification in
the absence of lymph node metastases. However, studies have shown that
presence of TDs can affect patients’ survival regardless of LNM. Moreover,
evidence suggest that presence of TDs should not be evaluated as dichotomic
but rather as a quantitative variable. Extranodal extension (ENE) has been
shown to correlate with presence of other adverse prognostic features and
to impact survival of colorectal cancer patients. In this review we will describe
current staging systems and prognostic/predictive factors in colorectal cancer
and elaborate on available evidence supporting the implementation of LNR/
LODDS, TDs and ENE evaluation in existing classification to improve prognosis
estimation and patient selection for adjuvant treatment.
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Introduction

Colorectal cancer (CRC) represents the third most common
cancer and the second leading cause of cancer-related death in
the overall population, with nearly 1,148,515 new diagnosis and
576,858 deaths in 2020. Data have shown a slight difference
between the two sexes; indeed, it takes up the second place for
incidence and the third for mortality in women and the third for
both incidence and mortality in men (1).

Despite being considered for many years an age-related
neoplasia, in recent times there appears to be a decline in CRC
incidence in the population over 50-year-old, balanced by an
increase of new diagnosis in individuals younger than 50
years (2).

The 5-year survival rate has considerably increased during
the past decades, reaching 63% all stages combined in 2021.
There are however considerable variations amongst the 5-year
survival rate depending on the TNM stage of the disease at
moment of the diagnosis: as a matter of fact, it amounts to 91%
in the localized disease (stage I-II), 72% in the regional disease
(stage III) and it dramatically drops to 14% in the advanced
disease (stage IV) (3, 4).

Complete resection of the primary tumor and regional
lymph nodes remains the most effective therapy for early
colon cancer. Adequate surgery also allows for evaluation of
the resection specimen which is considered an essential step to
define prognostic factors and predict disease recurrence after
surgery, thus informing clinicians on potential benefits of
adjuvant treatment.

10.3389/fonc.2022.937114

Optimal management currently relies on the tumor-node-
metastasis (TNM) staging system proposed by the American
Joint Committee on Cancer (AJCC) and International Union
Against Cancer (UICC), which assesses primary tumor (T),
lymph node metastasis (N), and distant metastasis (M). This
classification has now reached its eight iteration (5). Lymph
node metastases, in particular, are considered a significant factor
for predicting disease-free survival (DFS) and overall survival
(OS) in patients with colorectal cancer without distant
metastasis (6).

Beyond the above-mentioned TNM staging, other risk
factors have shown an impact on the prognosis, particularly in
stage II: pT4; inadequate lymphadenectomy (<12 lymph nodes);
vascular invasion; lymphatic invasion; perineural invasion; high
grade tumor; high preoperative CEA levels; tumor presentation
with obstruction (7, 8). Moreover, MSI-H/MMRd status
represents a molecular marker that has demonstrated to be
related to a better prognosis in localized CRC and designates a
subgroup of patients with less expected response to 5-
fluorouracil-based chemotherapy (9).

However, definition of further pathological features can help
improve existing classifications, to better identify patients with
localized disease and a higher risk of relapse and to guide more
accurately the choice of optimal adjuvant treatment.

In this review we will explore how emerging pathological
characteristics, aside from existing biomarkers, can impact
patient prognosis and how their factoring can improve disease
management, and guide adjuvant strategies in colorectal
cancer patients.

Colorectal Cancer

LNR/LODDS

ENE

Tumor Deposits

FIGURE 1

Emerging pathological features in colorectal cancer. Abbreviations: LNR, Lymph Node Ratio; LODDS, Logarithm of Positive Lymph Nodes; ENE,

Extranodal extension
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We will focus on the role of lymph node ratio, tumor
deposits, extracapsular node extension.
A descriptive illustration is available in Figure 1.

Methods

We reviewed the available literature on the use of lymph
node ratio, tumor deposits and extracapsular node extension in
CRC staging and overall management. We performed PubMed
and Embase searches focused on these topics, selecting primary
and review articles from peer-reviewed journals. Search terms

» o«

included “lymph node ratio”, “log odds of positive lymph
nodes”, “tumor deposits”, “extracapsular node extension”,
“colorectal cancer”. We also searched PubMed and major
oncology conferences for presentations pertinent to the matter

of this review.

Lymph node ratio and log odds of
positive lymph nodes

Lymph node ratio

Lymph Node Ratio (LNR) is defined as the ratio of
metastatic lymph nodes (LN) over total LN examined
(Figure 1). LNR has been established as a prognostic indicator
in several non-colorectal malignancies, such as breast cancer,
esophageal and gastric cancer, medullary and papillary thyroid
cancer, non-small cell lung cancer, oropharyngeal cancer
(10-16).

In colorectal cancer, even though pathological nodal stage
remains one of the most important predictors of patient
prognosis, several studies have tried to evaluate the potential
of LNR as a prognostic marker.

When examining these results, it is important to underline
that since 2002, three different American Joint Committee on
Cancer (AJCC) staging classifications have been issued, with
differences in stage grouping especially between 6™ and 7"
edition (17, 18).

All the studies revised are summarized in Table 1.

Wang J et al. were among the first authors to show in 2008
the role of LNR as an independent predictor of survival in 24,477
stage IIT colon cancer patient from the SEER registry (19).
Patients were stratified in 4 groups according to three different
cutoffs (1/14, 0.25, 0.5) and LNR was deemed to be more
accurate then TNM staging for stage IIIB and IIIC patients.

In 2005, Berger AC et al. published an analysis on stage II
and III patients with colon cancer pooled from Intergroup trial
0089 of fluoropyrimidine-based adjuvant chemotherapy and
proved LNR to be the most significant prognostic factor for
both DFS and OS in patients with at least 10 LN sampled (22);
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interestingly, within the N1 and N2 classifications, dramatic
changes were observed in recurrence rates based on the LNR
value (less than 5%, 5% to 20%, 20% to 40%, or more than 40%).
This work has the benefit of clarifying the prognostic relevance
of LNR. Since all patients received adjuvant chemotherapy, it is
unlikely that the impact of improved nodal staging is explained
by more patients receiving intensified treatment. This means
that a lower LNR, and consequent better prognosis, could be
attributable to other variables, such as the quality of
surgery performed.

It is a matter of debate whether the number of examined
lymph nodes can influence the ability of LNR to stratify patients
according to prognosis.

While in fact some authors suggested that discrimination
provided by LNR is lost when less than 12 LN are examined (20,
23-25), work published by Rosenberg et al. showed that the LNR
remained an independent predictor of outcome even when less
than 12 nodes are examined and had better value than
pathological nodal stage in the multivariate analysis (26).

The same observation was made by Peschaud F et al. in
rectal cancer patients, where LNR predicted DFS and OS even
when fewer than 12 LN were examined (27).

Ceelen W et al. eventually published in 2010 a systematic
review based on 16 analyzed studies, including 33,984 patients
with stage IIT colon or rectal cancer (21). In all the studies
reviewed, LNR was an independent prognostic factor and
allowed for a prognostic separation that was superior to that
of the nodal stage alone in terms of OS, DFS and cancer
specific survival.

Several trials have since been reported reinforcing the
prognostic value of LNR in both early-stage colon and rectal
cancer (28-30, 55). However, there is no consensus on the cut-
off to use when applying LNR.

In 2014, a French regional study conducted by Sabbagh C
et al. identified a 10% cutoff as optimum to distinguish between
good and poor prognosis stage III colon cancer patients (31).
This stratification allowed for significant correlation with 3-year
OS and DFS.

Shinto E et al. proposed the use of different cut-offs to
predict the prognosis of right or left-side primary colon cancer;
by analyzing 5,463 patients with stage III colon cancer authors
were able to stratify patients using values of 0.16 and 0.22 for
right-sided and left-sided tumors, respectively (32).

Zhang CH et al. also designed a study to further validate the
prognostic significance of LNR by evaluating 218,314 patients
from the SEER database and 1,811 patients from three
independent cohorts (33). Patients were divided into 5 groups
according to LNR cutoffs previously investigated (0, 0.1-0.17,
0.18-0.41, 0.42-0.69, >0.7) and each group identified patients
with worsening prognosis regardless of LN sampling.

Several attempts have been made to propose updates to pre-
existing classifications by incorporating LNR information
(34, 35).
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TABLE 1 Evidence regarding LNR/LODDS implementation.

Authors Subject Major Findings Reference

Wang ] et al.; Chin CC et al,; LNR LNR is an independent and more accurate prognostic method for stage III colon cancer patients than (19-21)

Ceelen W et al. AJCC TNM categories

Berger AC et al. LNR After curative resection for colorectal cancer, the LNR is an important prognostic factor and should be (22)
used to stratify patients receiving adjuvant treatment

In JP et al, Shimomura M et al., LNR Adequate lymph node examination is important to ensure the prognostic value of LNR in patients with (23-25)

Li Destri G et al. stage IIT colorectal cancer

Rosenberg R et al.,, Peschaud F et al. ~ LNR LNR remains an independent prognostic predictor in colorectal cancer even when fewer than 12 LN (26, 27)
are examined

Isik A et al; Parnaby CN et al; LNR LNR impacts both DFS and OS in colon cancer patients; several cut-offs have been proposed to stratify (28-33)

Sabbagh C et al;; Shinto E et al; patients

Macedo F. et al; Zhang CH et al.

Sugimoto K et al; Wang LP et al.; LNR/ Implementation of LNR/LODDS improves prognostic accuracy of existing staging classifications (34-37)

Pei JP et al; Yang LV et al. LODDS

Madbouly KM et al.; Chen L et al; LNR LNR can provide prognostic information in locally advanced rectal cancer and compensate for (38-42)

Junginger et al.; Lykke J et al; inadequate lymph node dissection in patients who did not receive preoperative therapy

Karjol U et al;

Deng Y et al; Alexandrescu ST et al; LNR High LNR correlates with burden of liver metastatic disease and predicts shorter RFS in patients (43-45)

Ahmad A et al. undergoing curative resection

Mohan HM et al; LNR LNR is either equivalent or inferior to pathological nodal staging in patients with adequate LN (46, 47)

Jakob MO et al. harvesting

Wang J et al; Fang HY etal; Li T et LODDS  LODDS accurately predicts prognosis of patients with early-stage colon cancer (19, 48, 49)

al

Occhionorelli S et al. LODDS  LODDS is the only independent prognostic factor in patients with colon cancer receiving emergency (50)
surgery

Lee CW et al; Xu T et al. LODDS  LODDS accurately predicts prognosis of patients with locally advanced rectal cancer (51, 52)

Bagar AR et al; Song Y et al LODDS/ LODDS adds no prognostic information to LNR alone, which should be preferred due to ease of (53, 54)

LNR application

DFS, Disease Free Survival; LN, Lymph Node; LNR, Lymph Node Ratio; LODDS, Logarithm of Positive Lymph Nodes; OS, Overall Survival.

Pei JP et al. developed a revised TLNR classification by
combing tumor stage and LNR based on data from 62,294 early-
stage colon cancer from the SEER registry and 3,327 additional
patients from an external validation cohort (36). The novel
classification was found to be superior to the AJCC 8" TNM
classification in predicting overall and disease-free survival.

Even though most efforts have focused on colon cancer, data
has accumulated in rectal cancer patients as well (38-40).

For example, Junginger et al. demonstrated that LNR can
provide prognostic information and thus compensate for
inadequate lymph node dissection in patients with stage III
rectal cancer who did not receive preoperative treatment (41).

Karjol U et al. recently published a systematic review and
meta-analysis on this topic, encompassing 18 trials and 4,486
node-positive rectal cancer patients, confirming that a higher
LNR was significantly correlated with worse OS and DFS (42).

However, not all the available evidence is in favor of LNR
implementation in current staging systems. Mohan HM et al.
suggested that LNR provides no additional information when
compared with nodal staging, while Jakob MO et al. determined
LNR to be inferior to pathological nodal staging in node-positive
colon cancer patients (46, 47).
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Lymph node ratio in metastatic CRC

LNR has been also evaluated as a prognostic marker in
patients with colorectal cancer and liver metastases.

High LNR was significantly associated with lower 3-year
relapse free survival (RFS) in patients with liver-limited disease
undergoing curative resection, as observed by Deng Y et al. (43).

Alexandrescu ST et al. evaluated the role of LNR in
predicting prognosis of patients with synchronous liver
metastases and found that LNR was the only independent
predictor of both DFS and OS (44).

LNR has been correlated with burden of liver metastases as
well, as shown by Ahmad A et al. in their analysis of 53 stage IV
colorectal cancer patients (45); authors found that high LNR
status predicted the presence of more than 3 liver lesions and
poorer OS.

Log odds of positive lymph nodes
Log Odds of Positive Lymph Nodes (LODDS) is defined as

the logarithm of the ratio of metastatic lymph nodes to negative
lymph node (Figure 1).
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The LODDS classification system has been tested with success
in both breast and gastric cancer (56, 57). When applied to colon
cancer, LODDS was proven effective in discriminating between
patients with overlapping LNR values as shown by Wang ] in a
work already reported in this review (19).

Fang HY et al. compared the prognostic assessment of
pathological nodal stage, LNR and LODDS using data collected
retrospectively from 192 patients with resected colorectal cancer
(48). All three variables correlated significantly with survival, yet
LODDS was superior to the other categories in the multivariate
analysis. Li T et al. confirmed the prognostic and clinic-
pathological value of LODDS in a cohort of 389 patients with
colorectal cancer undergoing curative surgery (49).

An interesting work by Occhionorelli et al. proved that
LODDS was the only nodal category able to independently
predict prognosis in 320 patients with colon cancer receiving
emergency surgery (50).

LODDS was a reliable prognosticator in locally advanced rectal
cancer as well, as reported in works by Lee CW et al. and Xu T et al.
(51, 52). In particular, the latter work highlighted once more the
importance of different staging approaches in improving the
definition of prognosis in patients with lower LN yield.

LODDS has been proposed to complement existing staging
classification, too. Pei JP et al. tried combining tumor stage with
LODDS to classify 45,558 patients from the SEER database and
found that the novel TLODDS classification has better
discriminatory ability than current TNM staging (37).

However, criticism has emerged regarding simplicity of
application of LODDS.

Baqar et al. compared LNR and LODDS in a cohort of 862
patients and found no difference in the prognostic impact of the
two categories, suggesting LNR use is preferrable due to its ease of
calculation (53). Song YX et al. analyzed data of 1,297 patients
with colorectal cancer and found the LNR classification was
superior to LODDS in assessing patient prognosis (54).

Summarizing, LNR is an independent and more accurate
prognostic method for early colon cancer patients than AJCC
TNM categories, even though no consensus has been reached on
minimum number of lymph nodes to examine and on the cut-off
to implement in existing staging systems. It can also be
informative in the metastatic setting, since it has shown
correlation to burden of liver metastases and survival in patients
undergoing curative resection. It is a matter of discussion whether
LODDS adds additional information to LNR and N staging.

In conclusion, both LNR and LODDS have been thoroughly
evaluated as prognostic markers and should be evaluated for
incorporation in upcoming staging classifications.

Tumor deposits

Tumor deposits (TDs) are defined as discrete nodules of
tumor cells in the bowel surrounding fat, lacking associated
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lymph node tissue and vascular or neural structures, which are
found in 20-25% of colon cancer patients (Figure 1) (58).

Since its inclusion in the AJCC TNM staging system, TDs
definition has changed considerably and, with every new edition,
there has been an upstaging for patients with TDs between in up
to 64% of cases (59). They were first defined as a separate entity
in the 7" edition of the TNM classification, with the
introduction of the pNlc category, categorizing the presence
of TDs in the absence of LNMs, whereas, in presence of lymph
node metastases, TD status is discarded.

However, presence of TDs seems to be prognostically of equal
importance to N status and its evaluation should not be restricted
to cases in which pathological lymph nodes are absent (60).

In fact, a retrospective analysis performed by Shen F on 19,991
patients with colorectal cancer pooled from the SEER database
found that the N1c category is associated with a prognosis similar
to that of the N1b category (61). Mayo et al. performed a different
analysis on the same database and showed that presence of TDs is
associated with lower 3-year OS in multivariable models (62).
Interestingly, presence of TDs is associated with worsening hazard
ratio in lower N stages. A phase III trial in colon cancer patients
receiving adjuvant chemotherapy (IDEA France) also
demonstrated a significantly higher risk of recurrence or death
in patients with TDs, regardless of LNM substatus (63).

Moreover, factoring of TDs should not be dichotomic. TDs
should rather be considered as a quantitative variable, with a
higher number of TDs predicting worse survival (58).

A retrospective analysis performed by Pricolo EV et al. in stage IIT
colon cancer patients showed how patients included in pN1c staging
category with > 3 TDs had a worse overall survival than those with <3
TDs, with a prognosis resembling that of pN2 patients (64). Zheng K
et al. identified a cutoff of 4 or more TDs to predict poorer disease
specific survival using data pooled from SEER database (65).

A similar conclusion was produced by Wang S et al. using data
from 39,155 colorectal cancer patients within the SEER database
(66). Authors found that the prognostic value of one TD is
equivalent to that of two metastatic LNs based on the comparison
of cause-specific survival rates and proposed this approach to be
superior to the Nlc staging in stratifying patient prognosis.

Research produced by Mirkin KA et al. and Zheng P et al. in
patients with stage III colon cancer pooled from the National
Cancer Data Base and SEER registry found that the presence of
both TDs and LN metastases confers additive risk. Presence of
both elements was, in fact, associated with significantly worse
survival than each of these risk factors alone (67, 68).

A recent post hoc analysis of the CALGB/SWOG 80702 phase
III study by Cohen R et al. suggested that combining the number
of TDs to that of pathological lymph nodes improves the
prognostic accuracy of current TNM staging (69). Combining
TD and the number of lymph node metastases, 104 of the 1470
patients included in the analysis were re-staged as pN2 and
showed significantly worse outcomes than those patients
confirmed as pN1.
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Other features of TDs have been investigated beyond
their number.

A retrospective review classified TDs in invasive-type TD (iTD)
(vascular invasion, lymphatic invasion, perineural invasion and
undefined cancer clusters) or nodular-type TD (nTD) (cancer
aggregates without iTD component): DFS was significantly
shorter in both node-negative and node-positive, iTD/nTD+
patients compared to TD- patients. Among node-negative
patients, disease-specific survival (DSS) differed significantly
between the iTD/nTD+ and TD- groups, while in node-positive
patients presence of nTD had no impact on DSS (70).

A more accurate staging of these patients may also help to
improve adjuvant treatment strategies. Currently, in fact,
patients with TDs but no metastatic LNs are less likely to
receive adjuvant chemotherapy (52% vs 74%) and have longer
delay to treatment initiation, as shown by Wong-Chong N et al.
These patients are also reported to be younger and to have more
adverse tumor features (71).

Adequate selection for adjuvant treatment is even more
relevant, considering that the number of TDs reported does
not impact the benefit of adjuvant chemotherapy (72).

Finally, TDs have been evaluated as prognostic indicator in
metastatic CRC as well. Lin Q et al. evaluated 146 patients with
synchronous colorectal liver metastases undergoing simultaneous
resection of primary tumor and metastatic lesions. Authors found
that the presence of TDs was associated with significantly shorter
DFES, regardless of LN status (73).

All the evidence reviewed is summarized in Table 2.

Summarizing, presence of TDs is at least of equal importance
to N status and its factoring should not be restricted to cases in
which lymph node metastases are absent, considering also that
both features confer additive risk. Factoring of TDs should not be
dichotomic as higher count of deposits predicts poorer survival.
Presence of TDs is also informative in metastatic CRC, as it is
associated with worse survival in patients undergoing
simultaneous resection for liver colorectal metastases.

In conclusion, TDs can influence patient prognosis
significantly and should be highly considered when evaluating
patient prognosis and indications to adjuvant treatment.

Extranodal extension

Extranodal extension (ENE) is defined as the extension of
tumor cells through the nodal capsule into the perinodal fatty
tissue (Figure 1). Current AJCC TNM classification in colorectal
cancer does not account for presence of ENE, even though it
could theoretically identify a more aggressive disease (74).

Evidence has accumulated regarding its prognostic
significance in several malignancies, including breast, head and
neck, gastro-esophageal, prostate and bladder cancer (75-79).

Early evidence of its role in colorectal cancer was collected in
a systematic review of literature by Wind J et al. which included
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4 series of patients with lower gastrointestinal tract
malignancies, where presence of ENE identified patients with
significantly worse long-term prognosis (80).

More recently Veronese N et al. published a new systematic
review with meta-analysis evaluating 1,336 patients with
colorectal cancer from 13 different trials (81). Authors
reported ENE was associated significantly with higher stage
and grade of disease, increased risk of all-cause mortality
(HR = 1.69, 95% CI 1.32-2.17, P < 0.0001) and increased risk
of recurring disease (HR = 2.31, 95% CI 1.54-3.44, P < 0.0001).

Further evidence has since emerged. Ambe PC et al. reported
data from a cohort of 147 patient with node-positive colorectal
cancer, suggesting extranodal extension predicts higher risk of
cancer-related death (OR= 0.44, p = 0.021) and shorter median
OS (30.5 + 42 months vs. 51.0 + 33, p = 0.02).

Kim CW et al. reported the results of a single-institution
analysis of 2,346 patients with colorectal cancer receiving
curative surgery (6). Authors found that ENE was associated
with younger age, more advanced tumor stage, presence of both
lymphovascular invasion (LVI) and perineural invasion (PNI) in
both colon and rectal cancer. Interestingly, ENE frequency was
described to be increasing from the right colon to the left colon
and the presence of this pathological feature was reported to
independently predict DFS regardless of tumor location in
patients who do not receive adjuvant chemotherapy.

A paper produced by Li T et al,, already mentioned in our
work in relation to LODDS, confirmed these findings in a
different cohort (49). ENE frequency was once more reported
to increase in distal tumors and its presence was associated with
worse prognosis in both colon and rectal cancer patients.

Summarizing, presence of ENE is associated with increased
risk of recurrence and worse survival. It is also frequently
associated with other “high-risk” features such as higher
tumor grade and stage.

All the evidence available is therefore in favor of ENE
implementation in current classifications to improve patient
stratification and selection for treatment intensification.

Conclusion

Current management of early colorectal cancer is based on
the existing 8™ edition of the TNM classification. However,
emerging pathological features as described in this review, can
significantly modify the prognosis of patients within a same
stage group. It should be noted that most of the evidence
reviewed in this paper is based on retrospective analysis, which
carry intrinsic limitations. Nevertheless, until prospective
evidence is available to support implementation of LNR, TDs
and ENE in clinical practice, clinicians should evaluate these
features in addition to traditional staging system on a patient
basis in order to guide treatment and follow up in cases where
risk assessment is not straight-forward.
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TABLE 2 Evidence regarding TDs implementation.

10.3389/fonc.2022.937114

Authors Subject Major Findings Reference
Nagtegaal ID et al. Staging TDs Presence of TDs is at least of equal importance to N status and its factoring should not be (59, 60)
restricted to cases in which LN are absent.

Shen F et al. Staging TDs Cancer specific survival difference between N1b and Nlc is not statistically significant (61)

Mayo et al. Presence of TDs Presence of TDs predicts poorer survival, especially in lower N stages (62)

Pricolo VE et al.; Brouwer Number of TDs TDs number is associated with worse survival (58, 64, 65)

NPM et al; Zheng K et al

Mirkin KA et al; Zheng P et al. Presence of TDs and Presence of both TDs and LNM was associated with worse survival than with each factor (67, 68)
LNMs alone

Nagtegaal ID et al; Wang S et al;  Number of TDs TDs should be added to final N count. According to Wang S et al. one TD should be (59, 60, 66,

Cohen R et al; considered as two LNMs 69)

Yamano T et al. TDs subclassification Classifying TDs in invasive-type and nodular-type TDs may improve prognostic value (70)

Lin et al. TDs evaluation in Presence of TDs is associated with worse survival in patients undergoing simultaneous (73)

metastatic disease

LNM, Lymph Node Metastasis; TD, Tumor Deposit.

In the era of precision medicine and amidst attempts to de-
escalate intensity of adjuvant treatments, it appears fundamental
to adequately select patients with worse prognosis who require a
more aggressive management.

We believe that both pathologist and clinicians should factor
LNR, LODDS, TD and ENE when assessing a patient’s outcome
and when selecting individuals for a more intensive treatment

and follow-up strategy.
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