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Surgical resection can lead to prolonged survival in patients with isolated liver metastases (LM) from various primary cancers. However, there are currently no validated predictive markers to discriminate between these oligo/argometastatic patients, who will benefit from surgery, and those with diffuse metastatic behavior in whom surgery will be futile. To evaluate whether the tumor microenvironment, or histopathological growth pattern (HGP), of LM reflects the type of metastatic progression independently of the origin of the primary cancer, we analyzed a combined series of patients who underwent surgery for colorectal LM (N=263) or non-colorectal LM (N=66). HGPs of LM were scored in each patient to distinguish between desmoplastic HGP (all LM showing a complete encapsulated pattern) and non-desmoplastic HGP (at least one LM with some infiltrating-replacement component). In the entire series, 5-year overall and progression-free survival were, 44.5% and 15.5%, respectively, with no significant differences between colorectal and non-colorectal LM. In patients with desmoplastic HGP, 5-year overall and progression-free survival were 57% and 32%, respectively, as compared to 41% and 12%, respectively, in patients with non-desmoplastic-HGP (p=0.03 and 0.005). Irrespective of cancer origin and compared to traditional risk factors, desmoplastic HGP was the most significant predictor for better post-operative overall survival (adjusted HR: 0.62; 95% CI: [0.49-0.97]; p=0.035) and progression-free survival (adjusted HR: 0.61; 95% CI: [0.42-0.87], p=0.006). This suggests that the HGP of LM may represent an accurate marker that reflects the mode of metastatic behavior, independently of primary cancer type.
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Introduction

Patients with liver metastases (LM) from different primary cancers represent a very heterogeneous population in terms of tumor biology, sensitivity to systemic treatments, and indications for surgery. Despite this heterogeneity, long-term survival and occasional cures can be observed in patients who undergo surgical resection of isolated LM of different origins. This is well known in patients with colorectal liver-only metastases, in whom surgery represents the first therapeutic option to consider, allowing long-term survival and potential cure in 25%-40% of the cases (1, 2). This is also the case in patients with LM from diverse primary cancers of digestive and non-digestive origins, frequently regrouped as non-colorectal LM. In these cases, even if their indications remain ill-defined, local approaches, including surgical resection, are now more frequently used, aiming to enhance overall tumor control but also potentially leading to prolonged progression-free survival (3–9). This suggests that, beyond the variability of primary tumors and selection processes, a fraction of these patients with isolated LM could share similar characteristics of restricted metastatic progression, so-called “oligo”- or “argo-metastasis” (10–12). Currently, however, there is no reliable marker to distinguish beforehand the patients who will benefit from surgery from those in whom a limited number of LM corresponds to the first manifestation of diffuse aggressive metastatic disease, in whom surgery will be ineffective. To illustrate this, there is still a significant proportion of patients who undergo curative-intent resection of colorectal or non-colorectal LM that rapidly recur after surgery, and carry a very poor postoperative prognosis (3, 13–17). Accordingly, the identification of (bio)-markers for different metastatic behaviors represents a major objective to improve the individualization of onco-surgical management of these patients.

Distinct histopathological growth patterns (HGPs) have now been identified in LM from colorectal and various non-colorectal origins (18–25). Two main HGPs have been established in consensus guidelines (26): the desmoplastic HGP (dHGP), in which a fibrous rim surrounds the metastasis, and which is associated with angiogenesis and numerous immune cells at the tumor-to-liver interface (TLI), and the infiltrating or replacement HGP (rHGP), in which cancer cells grow directly into the liver parenchyma, replacing the hepatocytes and thus coopting liver sinusoidal blood vessels, with minimal or absent immune infiltrate at the TLI. At the present, both in patients who undergo surgery for colorectal or non-colorectal LM, better postoperative survival has been reproducibly reported in patients with dHGP LM as compared to patients with non-dHGP LM (21, 24–26). This suggests that, beyond major differences in primary tumor biology, LM form different cancers could present similar histopathological features resulting from the interactions between cancer cells and liver microenvironment. On this basis, we hypothesized that categorization of the tumor microenvironment of LM according to their HGP may accurately reflect the overall mode of metastatic progression, irrespective of primary tumor histology.

To verify this hypothesis, i.e., to evaluate whether HGP of LM could represent a cancer-agnostic biomarker, we analyzed the prognostic value of HGP in a combined series of patients who underwent surgical resection of LM from various origins, adjusted for other potential prognostic factors.





Methods

A series of patients who underwent surgery for LM of colorectal and non-colorectal origin between January 2005 and December 2017 at the university hospitals of the Université Libre de Bruxelles was reviewed (Ethical Committees: CE2953 and P2019/232). In each patient, all available hematoxylin/eosin-stained sections of resected LM were analyzed and scored for HGP according to consensus guidelines (26). Patients with incomplete surgical resection, exclusive local destructive treatment with radiofrequency or microwave ablation, complete pathological response to preoperative treatment, or poor tissue conservation were excluded. Clinicopathologic data were evaluated, including primary tumor characteristics, neoadjuvant and adjuvant treatment for primary tumors, LM characteristics, and preoperative and postoperative treatment for LM. HGPs were scored by experienced pathologists (PDM and PV), blinded to clinical data, describing 3 patterns (26): the dHGP (Figure 1A), the rHGP (Figure 1B), and the rare pushing HGP (detailed in Supplementary Material 1). The dHGP was defined as the presence of a characteristic fibrotic rim surrounding the tumor with no direct liver cell-to-cancer cell interaction. In this pattern, the blood supply relies on angiogenesis, demonstrated by endothelial proliferation and regions of high vessel density. In this form, numerous inflammatory/immune cells are present at the TLI. The rHGP was defined as the absence of a peri-tumor fibrotic rim. In these cases, cancer cells replace the hepatocytes, mimic the architecture of liver parenchyma, and coopt the liver sinusoidal vasculature for blood supply. In this form, there is often minimal or absent inflammatory infiltrate at the TLI. As the presence of any non-dHGP has been established as the most discriminant factor for poor prognosis in colorectal LM (26), LM were classified as dHGP when this pattern represented 100% of the TLI of all analyzed LMs and as non-dHGP in the other cases. Progression-free survival (PFS) and overall survival (OS) were evaluated as endpoints for the survival analyses and calculated as the time from resection of LM to recurrence or death. Survival estimates were obtained using the Kaplan-Meier method and compared with the log rank test. Neoadjuvant and/or adjuvant chemotherapy for primary tumor, preoperative and/or postoperative chemotherapy for LM surgery (yes vs no), nodal status of the primary tumor (positive vs negative), number of metastases (multiple vs single), synchronicity (yes vs no), and the type of LM (colorectal vs non-colorectal) were considered as adjustment variables. P-values were 2-sided and considered significant when p<.05. Detailed methods can be found in the Supplementary Methods.




Figure 1 | Histopathological growth patterns in liver metastases and their association with survival. (A) LM with a dHGP (H&E staining) showing the desmoplastic rim that separates the tumor tissue from the liver parenchyma. (B) LM with a rHGP (H&E staining) showing regions where cancer cells grow into the liver cell plate and replace the hepatocytes. Cancer cells are in contact with the hepatocytes. H&E, hematoxylin and eosin staining.







Results

Data for a total of 329 patients were reviewed, including 263 patients with colorectal LM and 66 with non-colorectal LM (detailed in Supplementary Table 1). As compared to patients with colorectal LM, patients with non-colorectal LM were younger, had fewer locally-advanced primary tumors, had longer progression-free intervals between primary tumor and surgery for LM, less frequently had multiple LM, and more frequently received systemic treatment after liver surgery (Table 1). Overall, 18% of the whole population had dHGP LM, 18.6% in the colorectal LM group and 13.6% in the non-colorectal LM group (Fisher’s test: p=0.47). No association was observed between the HGP and clinicopathologic variables, except for an enrichment of non-dHGP in patients with breast cancer LM (p=0.01), (detailed in Supplementary Table 2).


Table 1 | Characteristics of the population.



The median follow-up was 5.5 years for OS and 6.9 years for PFS. In the overall population, 3- and 5-year OS were 63.1% and 44.5%, respectively, and 3- and 5-year PFS were 21.5% and 15.5%, respectively (Figures 2A, B). No significant differences were observed for postoperative outcomes between patients who underwent surgery for colorectal versus non-colorectal LM. Three-year and 5-year OS were 63.3% and 46.8%, respectively, in patients with colorectal LM, and 62.5% and 35.2%, respectively, in patients with non-colorectal LM (p=0.78) (Figure 2C), and 3- and 5-year PFS were 20.0% and 14.2%, respectively, in patients with colorectal LM, and 27.1% and 20.3%, respectively, in patients with non-colorectal LM (p=0.1) (Figure 2D). In the entire cohort of patients with colorectal and non-colorectal LM, significantly better postoperative survival was observed in patients who underwent surgery for dHGP LM as compared to non-dHGP. Three- and 5-year OS were 74.0% and 57.3%, respectively, in patients with dHGP LM, as compared to 60.6% and 41.3%, respectively, in patients with non-dHGP (p=0.03) (Figure 2E), and 3- and 5-year PFS were 36.8% and 32.2%, respectively, in patients with dHGP LM, as compared to 18.3% and 11.8%, respectively, in patients with non-dHGP LM (p=0.005) (Figure 2F). When compared with all of the traditional risk factors in patients with LM and irrespective of the primary cancer origin, HGP was found to be the most significant prognostic factor for postoperative survival, in univariate and multivariate analyses (Figure 3; Supplementary Tables 3, 4). In multivariable analysis, dHGP was positively associated with postoperative OS (adjusted HR: 0.62; 95% CI: [0.40-0.97]; p=0.035) and PFS (adjusted HR: 0.61; 95% CI: [0.42-0.87], p=.006) (Figure 3).




Figure 2 | Kaplan-Meier curves for overall survival (OS) and progression-free survival (PFS) comparisons. (A) Kaplan-Meier curves displaying the overall survival (OS) probability in the whole population. (B) Kaplan-Meier curves displaying the progression-free survival (PFS) probability in the whole population. (C, D) Kaplan-Meier curves displaying the OS and PFS, respectively, probabilities according to the origin of liver metastases [Colorectal liver metastases CRLM vs non-CRLM (NCRLM)]. (E, F) Kaplan-Meier curves displaying the OS and PFS, respectively, probabilities according to histopathological growth pattern (HGP) group, (desmoplastic HGP (dHGP) vs non-dHGP).






Figure 3 | Univariable and multivariable analyses. (A) Univariable and multivariable Cox regression analyses for OS. (B) Univariable and multivariable Cox regression analyses for PFS. Chemo, chemotherapy; CI, confidence interval; CRC: colorectal cancer; HGP, histopathological growth pattern (dHGP: desmoplastic HGP); H&E, hematoxylin/eosin; HR, Hazard Ratio; LM, liver metastases; LN, lymph node; OS, overall survival; PFS, progression-free survival.



Of note, KRAS mutational status represented another prognostic factor in patients who underwent surgery for colorectal LM. Among the 200 patients in whom this analysis was available, there were 116 patients (58%) with KRAS wild-type status and 84 (42%) with KRAS mutated status. The median OS in the mutated KRAS group was 30 months (95% CI: 19- 44) as compared to 59 months (95% CI: 34-84) in the wild-type group, with 3-year and 5-year OS of 45.4% and 33.4%, respectively, in the KRAS mutated group as compared with 65% and 46.6%, respectively, in the wild-type group (p=0.161). The median PFS in the mutated KRAS group was 8 months (95% CI: 5-11) vs 9 months (95% CI: 5-13) in the wild-type group, with 3-year and 5-year PFS of 21.7% and 19.9%, respectively, in the mutated KRAS group as compared to 29.2% and 27.8%, respectively, in the wild-type group (p=0.228).

Overall, among the patients with postoperative recurrences, we observed liver-only recurrences in 15 of the 35 patients with dHGP (43%) and in 91 of the 198 patients with non-dHGP (46%). A trend toward a higher rate of R1 resection was observed in the non-dHGP cases. In the entire population, including colorectal and non-colorectal LM, R1 resections were observed in 7 of the 49 patients with dHGP (14.3%) and in 57 of the 214 patients with non-dHGP (26.6%) (p=0.095).





Discussion

The results of surgery for LM of colorectal or non-colorectal origin remains difficult to predict. This is illustrated in the present series by the heterogeneous postoperative outcomes, with 35% to 45% of patients experiencing prolonged survival and, in contrast, approximately 50% of patients with disease recurrence within one year. Globally, we observed relatively similar postoperative outcomes in patients who underwent resection of colorectal or non-colorectal LM. Clearly, this observation should be interpreted with caution, considering the major differences in tumor biology and metastatic behavior in these various tumor. In addition, this observation is most probably biased in this series, due the overrepresentation of colorectal LM and the overrepresentation of breast LM in the non-colorectal group. As expected also, the surgical selection has been much more stringent in patients with non-colorectal LM, as illustrated by less advanced primary tumors and metastatic stages, more frequent use of systemic treatment, and longer disease-free intervals in these patients as compared with those with colorectal LM. However, beyond these biases, this finding suggests that, in different primary cancers, the development of isolated LM can either reflect a true oligometastatic disease or, in contrast, correspond to the first manifestation of a diffuse metastatic spread in which occult disease will be responsible for relapse. In this context, the possibility of distinguishing between these metastatic behavior patterns would represent major progress toward the identification of patients who will benefit from LM-targeted therapies as opposed to those who will require a systemic treatment approach.

We confirmed the poor accuracy of traditional predictive and prognostic factors and scores in patients who underwent surgical resection of colorectal or non-colorectal LM (3, 27–30). This indicates that classical markers, essentially relying on cancer stage and aggressiveness, such as the primary tumor stage, the mutational status, the kinetics and the extent of LM, are not sufficient to depict the overall tumor biology and to predict the type of metastatic progression. It is indeed expected that, in each individual case, metastatic aggressiveness not only relies on intrinsic tumor characteristics but also on multiple interactions between cancer cells, host responses, and microenvironment. In this setting, the HGP of LM represents an attractive candidate marker, as it potentially integrates information on all of these complex biological interactions.

Importantly, distinct HGPs of LM have now been clearly described in consensus guidelines (26), allowing for reproducible identification and scoring. Furthermore, in all series of patients undergoing surgery for LM of various non-neuroendocrine origins, a similar prognostic impact of HGP has been reported, with significantly better outcomes in patients who undergo surgery for dHGP LM as compared to patients with non-dHGP or rHGP LM (25, 31).

To evaluate the potential value of HGP of LM as a cancer-agnostic marker, we regrouped patients who underwent surgery for colorectal or non-colorectal LM. In this series, we first confirmed that HGP was scorable in all of these cases. Overall, similar ratios of dHGP and non-dHGP were found in LM of colorectal or non-colorectal origin, with the exception of the LM of breast cancer origin in which a higher rate of rHGP was observed (24). This indicates that, besides the host responses and the specifics of the liver microenvironment, the characteristics of the primary tumor retain a role in the interplay leading to the development of LM with different HGPs.

Regardless of whether the cancer was of colorectal or non-colorectal origin, we found that HGP of LM was an independent prognostic factor for postoperative survival and progression, representing the most robust factor associated with OS and PFS as compared to all classical variables. Moreover, we observed that LM HGP had a similar extent of prognostic impact in colorectal and non-colorectal cases, supporting the hypothesis that, when LM are established, their microarchitecture accurately reflects the mode of metastatic progression with which they are associated. As a surrogate marker of the overall metastatic aggressiveness, HGP could also indicate the local aggressiveness of LM. We observed similar rates of liver-only recurrence in the dHGP and non-dHGP groups, but a trend toward a higher rate of R1 resections in the non-dHGP group (32, 33).

Taken together, these data highlight the value of HGP as a promising biomarker in patients who are candidates for surgery for LM, to improve the individualization of therapeutic decision making and to better understand the mechanisms associated with different types of metastatic progression. Currently, HGP status cannot be used for individual decision making, as it is only assessable by pathological examination of the surgical samples, requiring the analysis of the entire TLI. Progress has been made recently to make this information available prior to surgery, including the development of multi-parameter predictive models for HGP (34) and of new dedicated imaging algorithms (35–37). One step further, the in-depth analysis of the cellular and molecular components of the distinct HGPs could provide new insights into the mechanisms implicated in their development and in how these mechanisms reflect overall metastatic behavior. At the present, however, it has been proposed that dHGP, characterized by a peritumoral fibrous reaction and abundant immune infiltrate, and considered to be a host-driven pattern (38), preferentially reflects an oligometastatic or argometastatic progression, while rHGP, characterized by an infiltrating profile with poor or absent immune reaction, could reflect a more aggressive and diffusely metastatic progression. In this phenomenon, anti-tumor immune reaction is expected to play a central role. Although the nature and extent of immune infiltrates present in dHGP LM still remain incompletely documented (39), these cells could be critical to generating an anti-tumor reaction to control metastatic progression, both at the local and systemic levels (40, 41). Accordingly, the qualification and quantification of these immune cells could contribute to a better understanding of the mechanisms of tumor progression and, potentially, to identification of new therapeutic targets. It remains true that there is significant overlap regarding the postoperative prognosis when comparing patients with dHGP with those with non-dHGP, suggesting that HGP essentially represents a surrogate marker of metastatic biology. Therefore, to elucidate the role of immune infiltrates, it is necessary to better qualify their nature. For instance, this could be analyzed in patients with dHGP LM by comparing the quality of peritumor immune cells in patients with a prolonged postoperative survival and in those with a rapid relapse.

In conclusion, the tumor microenvironment of LM, reflected by HGP, appears to be a reliable surrogate marker of metastatic behavior in patients with isolated LM from different primary cancer origins. Therefore, prediction of HGP with non-invasive methods represents an important step to provide a better individualization of therapeutic decision making in these patients. The fact that the prognostic impact of HGP was verified independently of the type of primary tumor suggests that this parameter may reflect central mechanisms related to tumor immunogenicity and host-tumor interactions, offering new opportunities for future research.
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