
incident PE cases from Alberta, Canada, between 2004 and 
2012, 19.9% had CAT and 1- and 5-year survival rates in these 
patients were 60% and 39%, respectively, which were signifi-
cantly lower compared to patients with unprovoked PE (94% 
and 85% for the same time points) [4]. Gimble and colleagues 
[5] found that 12.4% of 9571 autopsies performed in the Neth-
erlands between 2008 and 2020 had evidence of PE. In 66.7% 
of these patients, death was considered PE-related. Treatment 
outcomes also differ between cancer and non-cancer VTE pa-
tients. In a cohort of 842 patients with VTE (of whom in 181 
VTE was cancer related) the risk for recurrent thrombosis was 
higher in cancer patients during 12 months of follow-up (20.7% 
vs. 6.8% in patients without cancer) as was the risk to encounter 
a major bleeding episode (12.4% vs. 4.9%) [6], although these 
high figures may be accounted for by the fact that many patients 
were treated with warfarin. Rates of recurrent VTE and major 
bleeding in this study were related to extensiveness of cancer. 
However, from a large ongoing Spanish VTE registry (RIETE), 
Monreal et al. [7] found that from 1841 CAT patients in whom 
low molecular weight heparin (LMWH) treatment was admin-
istered in the acute phase in 92% (and 58% in long term treat-
ment), rates of recurrent VTE were also higher. In these patients, 
VTE recurred in 7.61/100 patient-years compared to patients 
with unprovoked or provoked VTE (2.28 and 2.13 per 100 pa-
tient years, respectively). The rates for major bleeding were also 
higher (9.18 vs. 3.63 and 2.1 per 100 patient years) in patients 
with CAT, unprovoked VTE, and provoked VTE, respectively. 
Moreover, rates of fatal recurrent VTE and fatal bleedings were 
also higher in cancer patients as evident from another study 

from the RIETE registry [8] where fatal 
recurrent VTE rate was 2.6% vs. 1.4% 
and fatal bleeding rate was 1% vs. 0.3% 

in CAT vs. non cancer patients.
Treatment of cancer-associated thrombosis underwent sig-

nificant changes in the last 15 years. The pivotal CLOT trial [9] 
comparing long-term LMWH therapy with dalteparin compared 
to the standard of care (combination of LMWH and long-term 
warfarin mostly) proved that recurrent VTE rates at 6 months 
were significantly lower with dalteparin (8.0% vs. 15.8%) mak-
ing LMWH the drug of choice in CAT. This result was also ev-
ident from several additional CAT patient cohorts and summa-

Venous thromboembolism (VTE) manifesting mainly as 
deep vein thrombosis (DVT) and pulmonary embolism 

(PE) is a common complication in cancer patients and is be-
coming one of the most frequent referral causes for evaluation 
in thrombosis clinics. At the thrombosis and hemostasis clinic at 
Sheba Medical Center, Israel, 27% of 4342 new VTE patients 
referred in the last 5 years were patients with cancer-associated 
thrombosis (CAT), reaching 52% of referrals by 2020 (unpub-
lished data). The incidence of CAT is increasing worldwide. In 
a national U.S. discharge survey, the rate of CAT increased from 
1.5% in 1989 to 3.5% in 1999 [1]. In various population studies 
and VTE databases in Europe and North America 17–29% of 
new VTE episodes occurred in patients with malignancy [2]. It 
could be argued that on average one in every five VTE patients 
will be diagnosed with cancer during their thrombotic life span.

Cancer and VTE are close-
ly related. Diagnosis of cancer 
increases fourfold to sevenfold 
the risk for VTE [2] with an incidence that is closely related 
to a patient’s personal risk. In a meta-analysis [3] on VTE in 
cancer patients, the risk for VTE was 13 per 1000 patient years 
in low-risk cancer patients, whereas in high-risk patients (pa-
tients with high grade or metastatic disease or receiving therapy 
with associated increased risk) the VTE rate was 68 per 1000 
patient years. Furthermore, the occurrence of VTE in cancer 
patients has a prognostic significance. In addition, diagnosis of 
VTE in cancer patients increases mortality. In a cohort of 8641 



rized in a meta-analysis demonstrating a significant recurrent 
VTE risk reduction (relative risk [RR] 0.58, 95% confidence 
interval [95%CI] 0.43–0.77) without an increased risk of bleed-
ing (RR 1.09. 95%CI 0.55–2.12) [10]. However, it should be 
noted that the risk for recurrent VTE was not negligible with 
LMWHs and averaged 7.2% at 6 months follow-up [10]. This 
result could possibly imply that other treatment options may 
possibly lead to better results. Indeed, recent randomized con-
trolled trials (RCTs) with direct 
oral anticoagulants (DOACs) 
have moved into this role and 
are rapidly becoming the new 
treatment of choice in CAT patients. In the general VTE ran-
domized controlled trials, 10.2% (of approximately 27,000 VTE 
patients randomized for DOAC vs. standard of care) had CAT. 
Their recurrent VTE rate (as well as major bleeding rate) was 
higher than in non-cancer patients but better than standard of 
care. However, in these trials fewer patients had metastatic dis-
ease or received chemotherapy. 

This drawback was dealt with in four recent RCTs, specifi-
cally involving CAT patients. In these trials 2907 CAT patients 
were randomized to receive a DOAC or long-term dalteparin 
treatment. A meta-analysis [11] summarizing these four trials 
proved that DOACs (compared to long-term LMWH treatment) 
had similar efficacy and safety (rates of recurrent VTE were 
non-significantly lower and rates of bleeding were non-signifi-
cantly higher) indicating that DOACs were a good oral alterna-
tive to LMWH treatment.

Pulmonary embolism in cancer patients is a common thrombotic 
occurrence. In the RIETE registry [8] 44% of cancer patients had 
PE while in the TESEO Spanish cohort (a dedicated cohort of 
cancer and thrombosis patients) [12], PE was present in 60.8% 
of 939 patients (in whom DVT was concurrently present in 21%) 
and was more common in patients who received antiangiogenic 
therapy. Combining results from 
the four RCTs in cancer patients 
1742/2907 of patients (59.9%) 
had PE as their qualifying event. Interestingly, 50.3% of the pa-
tients in the TESEO cohort had an unsuspected thrombosis (rate 
of unsuspected PEs was not reported) compared to 30% (783 of 
2607) in the cancer RCTs where data was available.

Patients with cancer and PE presented special diagnostic, risk 
stratification, and treatment dilemmas. The 2-step approach of 
establishing the pre-test probability for PE together with age-ad-
justed D-dimer determination [13] may be a problem in cancer 
patients presenting with PE. In a post-hoc analysis of the AD-
JUST-PE cohort of 429 cancer patients with suspected PE, 25.2% 
had a PE diagnosed (compared to 19.2% of suspected PE patients 
without cancer) reflecting their higher risk of thrombosis. In these 
patients, 19.7% had normal age-adjusted D-dimer level and low 

pre-test probability compared to 41.9% of patients without cancer 
[14] making PE diagnosis more challenging and requiring imag-
ing studies more often for proper diagnosis. Actually 87.4% of 
these patients required computed tomography pulmonary angiog-
raphy to refute or confirm PE diagnosis. It should be emphasized 
that patients with cancer are known to have higher D-dimer levels 
to start with (due to the inherent activation of coagulation) with a 
higher risk for thrombosis and worse prognosis [15]. In addition, 

establishing pre-test probability 
for PE by the Wells score is also 
challenging since malignancy is 
one of the criteria for PE diagno-

sis in the original Wells score [16]. 
Determining the risk for adverse events (particularly the risk 

for early mortality) and the possibility of home treatment is an 
important step in the management of patients with PE [17]. In 
patients with PE and cancer this poses another dilemma. In the 
original risk stratification, the pulmonary embolism severity 
index (PESI) score indicated the presence of malignancy and 
grants 30 points to cancer patients with suspected PE and 1 
point in the shortened simplified PESI score [18]. Consequent-
ly, cancer patients with PE are necessarily stratified as non-
low-risk patients with the subsequent mandatory management 
of such patients. This finding has been tested in a sub-study 
of the COMMAND-VTE registry [19] in which 368 cancer 
patients with PE were risk stratified with a modified simplified 
PESI (sPESI) score and followed for 30 days. In that study, the 
low-risk sPESI score was determined as 1 (and not zero as in 

enabling cancer patients without any other PE related risks to be 
considered as low risk PE [19]. Of 368 patients 44% were strat-
ified as low risk with a cumulative risk of death at 30 days of 
6.3% (compared to 13.1% for patients with high risk). Remark-
ably, the risk for death was not very different from another study, 
which tested the risk for death and additional outcomes in 6746 
PE patients [20]. In the latter study in low-risk PE patients (sPE-

SI score of zero, 28.4% of the 
cohort) risk of death was 3.7% 
and 16.1% for high-risk patients 

both studies: CAT low-risk (3.9%), CAT high-risk (5.6%) and 
no cancer low risk (4.4%), no cancer high risk (6.0%). However, 
major bleeding rates were higher in CAT patients. This result 
implies that risk stratification with sPESI is possible in CAT 
PE patients, but a careful patient selection should be practiced 
particularly regarding risk of bleeding. 

Thrombolytic therapy in cancer patients with PE may raise 
some concerns. Using the national inpatient database of 883,183 
patients with PE between 2010 and 2014, 23,690 patients (2.7%) 
received thrombolytic therapy of whom 941 (4.2%) had meta-
static cancer [21]. In metastatic PE patients higher stroke rates 
were observed and a significantly higher death rates (22.8% vs. 



6.8% in non-cancer patients). Yet, in another 2013–2014 sample 
of the same database 72,546 patients with PE (14.7% of whom 
had cancer, 49% metastatic) of whom 2439 (3.4%) underwent 
thrombolysis, the likelihood to receive thrombolytic therapy 
was lower by 40% in cancer patients (3.57% thrombolysis with-
out cancer and 2.13% with cancer). Interestingly, hospital length 
of stay was similar between those two groups and death rates 
were not significantly different (16.7% in cancer patients and 
12.5% in patients without cancer) [22].

Inferior vena cava filter (IVCF) insertion may be of bene-
fit in cancer patients with PE. IVCF reduces the risk for PE in 
cancer patients with deep vein thrombosis (DVT) but may also 
improve survival in patients presenting with PE. In a database 
study (inpatient database California 2005–2011) 55,585 patients 
with cancer and lower limb DVT were followed. In 33,740 pa-
tients (38.1%) IVCF was inserted mostly for bleeding and co-
agulopathy. During follow-up 4492 patients (5.1%) of the entire 
cohort developed a new PE but patients with IVCF had a sig-
nificantly lower risk (HR 0.69, 95%CI 0.64–0.75) to develop a 
new PE even after propensity score adjustment [23]. In another 
database PE study (premier healthcare 2010–2014) 35,034 can-
cer patients presented with PE of whom 6589 received IVCF 
(18.8%). Insertion of IVCF improved survival with a death rate 
of 8.1% in patients with IVCF compared to 11.2% in patients 
without IVCF. Patients under 60 years of age benefited the most 
and their mortality rate was 7.4% [24].

Although most (about 90%) patients in both VTE registries 
[8,12] were treated with LMWH, treatment of PE in cancer 
patients can be safely done with DOACs. Risk of recurrent 
thrombosis was summarized as similar between DOACs and 
dalteparin in the meta-analysis [11] but the predicted effect 
forecasts 2.9% absolute risk reduction (from 6.4% to 3.5%) us-
ing DOACs for secondary prevention. In a sub-group analysis, 
risk of recurrent VTE was significantly lower (4.8% on DOAC 
compared to 8.1% on dalteparin, RR 0.60, 95%CI 0.38–0.95) 
while on active treatment with a non-significant increase in the 
risk of major bleeding (4.4% on DOAC vs. 3.2% on daltepa-
rin, RR 1.43, 95%CI 0.46–4.45). Careful exclusion of patients 
perceived to be at a high bleeding risk from DOAC treatment 
(upper gastrointestinal malignancy, interacting drugs, throm-
bocytopenic, central nervous system metastasis) may reduce 
bleeding rates. Unsuspected thrombosis was common in CAT 
patients as previously mentioned (approximately 50% in reg-
istries and 30% in CAT RCTs). Most patients with unsuspected 
VTE will have a silent PE. In the meta-analysis [11] patients 
with unsuspected VTE had better outcomes with lower rates of 
recurrence (3.4% with DOACs vs. 6.4% with dalteparin) but 
this difference was not statistically significant. The presence of 
incidental PE has significant impact on patient outcomes and 
was studied in a cohort of 2712 patients from the MD Anderson 
Cancer Center, USA [25] between 2006 and 2016. Patients with 
unsuspected PE (mostly treated with LMWH) and propensity 

matched with patients without PE had a significantly increased 
risk of death (22.8% vs. 9.8%) mainly in patients with more 
central PEs. DVT was present in nearly 21% of patients. 

Cancer patients with PE (like all CAT patients) have an in-
creased risk of death and higher risks for recurrent VTE and 
bleeding. Diagnosis of PE may occasionally be elusive but pos-
sible as are risk stratification and decisions about thrombolysis 
and IVCF insertion. Patients should be treated with anticoag-
ulants. DOACs are increasingly the preferred choice. Cancer 
PE patients should also be evaluated and followed at dedicated 
thrombosis clinics.



A total of 1433 participants underwent randomization; 716 
were assigned to receive molnupiravir and 717 to receive 
placebo. With the exception of an imbalance in sex, 
baseline characteristics were similar in the two groups. 
The superiority of molnupiravir was demonstrated at the 
interim analysis. The risk of hospitalization for any cause 
or death through day 29 was lower with molnupiravir 
(28/385 participants [7.3%]) than with placebo (53/377 

 = 0.001). 
In the analysis of all participants who had undergone 
randomization, Bernal et al. found that the percentage of 
participants who were hospitalized or died through day 29 
was lower in the molnupiravir group than in the placebo 

group (6.8% [48/709] vs. 9.7% [68/699]; difference, 

of subgroup analyses were largely consistent with these 
overall results; in some subgroups, such as patients 
with evidence of previous SARS-CoV-2 infection, those 
with low baseline viral load, and those with diabetes, the 
point estimate for the difference favored placebo. One 
death was reported in the molnupiravir group and 9 were 
reported in the placebo group through day 29. Adverse 
events were reported in 216/710 participants (30.4%) 
in the molnupiravir group and 231/701 (33.0%) in the 
placebo group.

Hosang et al. detected a tight interconnection between 
the lung microbiota and the immune reactivity of the 
brain. A dysregulation in the lung microbiome significantly 
influenced the susceptibility of rats to developing 
autoimmune disease of the central nervous system. 
Shifting the microbiota towards lipopolysaccharide-
enriched phyla by local treatment with neomycin induced 
a type-I-interferon-primed state in brain-resident microglial 
cells. Their responsiveness towards autoimmune-
dominated stimulation by type II interferons was impaired, 
which led to decreased proinflammatory response, 

immune cell recruitment and clinical signs. Suppressing 
lipopolysaccharide-producing lung phyla with polymyxin 
B led to disease aggravation, whereas addition of 
lipopolysaccharide-enriched phyla or lipopolysaccharide 
recapitulated the neomycin effect. These data demonstrate 
the existence of a lung–brain axis in which the pulmonary 
microbiome regulates the immune reactivity of the central 
nervous tissue and thereby influences its susceptibility to 
autoimmune disease development.


